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1.  INTRODUCTION 


The  potential  effect  of  various  pollutants  on  the  state  of  the  earth's 
ozone  shield  has  been  extensively  investigated  in  the  last  decade.  These 
studies  have  concentrated  primarily  on  the  effect  of  NO^  and  ClOx  pollutants 
which  result  from  various  anthropogenic  sources.  Another  potential  pollutant 
which  has  not  been  adequately  investigated  is  water  vapor. 

Water  vapor  is  the  main  source  of  hydroperoxyls  in  the  atmosphere 
and  is  also  a major  component  of  aircraft  exhaust  emissions.  Thus,  a 
comprehensive  evaluation  of  the  effect  of  aircraft  emissions  on  ozone  must 
consider  the  effect  of  this  species.  Previous  calculations  of  the  effect  of 
NOx  aircraft  emissions  on  ozone  have  shown  that  tropospheric  effects  are 
very  important  in  modeling  the  effect  of  NC>x  on  ozone  [Widhopf,  et  al.  (1977); 
Hidalgo  and  Crutzen  (1977)].  Since  rainout  is  one  of  the  controlling  mecha- 
nisms in  determining  the  distribution  of  water  vapor,  and  rainout/washout 
effects  are  important  in  determining  the  rate  at  which  NOx  is  removed  from 
the  troposphere,  a model  is  needed  which  adequately  predicts  the  distribution 
of  water  vapor  including  the  effect  of  rainout.  This  type  of  mod“l  was 
developed  for  use  in  our  two-dimensional  time -dependent  model  of  the  atmos- 
phere in  order  to  study  both  the  natural  and  perturbed  atmosphere. 

During  the  course  of  this  study,  various  important  hydroperoxyl  reac- 
tion rates  we;e  measured  for  the  first  time.  These  rates  increased  the 
relative  importance  of  HO  with  regard  to  NO  on  the  chemical  structure  of 
the  atmosphere  and  have  resulted  in  dramatic  changes  in  the  atmospheric 
distribution  of  some  trace  species.  As  a result  of  the  sequential  manner  in 
which  these  measurements  were  made,  a number  of  interim  results  were 
obtained. 


Results  for  the  state  of  the  natural  atmosphere  are  discussed  in  this 
report,  including  the  latest  two-dimensional  model  results  which  consider 
the  effect  of  ClOx.  .In  addition,  further  estimates  have  been  made  of  the 
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potential  effect  of  NOx  and  HOx  emissions  from  projected  future  fleets  of 
subsonic  and  supersonic  aircraft.  Comparisons  are  also  made  with  available 
data  in  order  to  elucidate  areas  where  additional  measurements  of  reaction 
rates  and  species  distributions  are  needed. 


2.  MODEL 


i 


The  model  is  a time -dependent  phenomenological  photochemical  model 
of  the  atmosphere  in  which  the  hydrodynamic  variables  (mean  atmospheric 
density,  temperature,  turbulent  diffusion  coefficients,  and  mean  meridional 
winds)  either  are  specified,  or  are  obtained  indirectly,  from  observations  as 
a function  of  time  during  the  year  and  used  to  solve  the  system  of  species 
conservation  equations  for  the  meridional  distribution  of  trace  species 
throughout  the  year.  The  formulation  of  the  model,  discussed  in  Widhopf  and 
Taylor  [1974]  and  Widhopf  [ 1975],  basically  is  designed  to  examine  relatively 
small  changes  in  the  ozone  concentration  as  a function  of  the  time  of  year 
throughout  the  meridional  plane,  since  any  resultant  changes  in  the  species 
concentration  occurring  as  a result  of  the  introduction  of  a pollutant  are  not 
coupled  back  to  the  atmospheric  dynamics  or  temperature  distributions. 

The  governing  species  conservation  equation  is  derived  following  the 
general  procedure  outlined  by  Reed  and  German  [1965]  for  representing  the 
turbulent  transport  flux  due  to  large-scale  eddies.  In  the  meridional  plane, 
this  equation,  written  in  terms  of  the  mass  mixing  ratio,  is  of  the  form 


bpY^  dpwY^  j dpvY^cos0  ^ 
dt  + dz  + cos^  rd<p  - r d0 


dY. 


dY. 


pk<f>z  “5T  + pk<t><f>  T&f, 


+ p 
r 


dY.  dY. 

(2kzz  ' Van*>  + (2kz0  tan^ 


dYi  dYi 

pkzz  + k<t>z 


+ (J.  + i=l,  2. 


(1) 


! 


where  Y^  is  the  mass  mixing  ratio  p.Jp  of  the  i^  chemical  species;  p is  the 

local  mean  atmospheric  density;  t is  the  temporal  variable;  r = z + Rg,  where 

R is  the  mean  radius  of  the  earth  and  z is  the  altitude  measured  from  and 
e 


normal  to  the  earth's  surface;  <f>  is  the  latitude;  W.  is  the  photochemical  rate 

th  * 

of  production/depletion  of  the  i species;  and  is  the  local  source/sink 
effect.  The  components  of  the  tensor  kg^  represent  the  diffusion  coefficient 
in  the  respective  directions  arising  from  large-scale  eddy  motions,  whereas 
v and  w are  the  components  of  the  mean  circulation  in  the  meridional  and 
vertical  directions,  respectively.  This  equation  is  solved  for  each  of  the 
trace  species  considered. 
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The  chemical  system  considered  in  this  investigation  includes  the 
following  species;  0(*D),  0(3P),  O^,  O^,  N,  NO,  NO^,  NO^,  N^,  N^O, 

N2Os,  H,  OH,  HOz,  H20,  H202,  HN03,  CO,  and  CH4>  Also  included  are 
the  important  C10x  species  Cl,  CIO,  C10N02>  and  HCl  which  are  produced 
in  the  atmosphere  as  a result  of  the  release  at  the  earth's  surface  of  CF2C12, 
CFClj,  CCl^,  and  CH^Cl,  among  others.  Smog  type  reactions  initiated  by 
the  oxidation  of  methane  by  OH,  which  have  been  shown  to  be  potentially 
important  in  the  lower  regions  of  the  atmosphere,  particularly  for  the  evalua- 
tion of  aircraft  emissions  effects  through  the  work  of  Hidalgo  and  Crutzen 
[1977]  and  Widhopf,  et  al.  [1977]  are  also  included.  These  reactions  involve 
the  species  CH^,  CHO,  CH20,  CH^O,  CH^O^  and  CH^C^H.  The  specific 
reaction  systems  and  the  associated  reaction  rate  coefficients  used  in  this 
investigation  are  tabulated  in  Tables  I through  III.  Table  I lists  the  reactions 
and  associated  rates  used  in  Widhopf,  et  al.  [1977],  while  Tables  Il-a,  II-b, 
and  III  list  changes  introduced  in  subsequent  studies  which  are  discussed  in 
this  report.  Specifically,  Table  H-a  lists  additional  reactions  and  updated 
reaction  rates  that  were  recommended  by  the  NASA-CFM  study  [1977]  together 
with  the  new  measurements  of  the  rate  for  the  reaction  NO  + H02~ ►N02  + OH. 
Table  II-b  includes  the  new  rate  measurement  for  the  reaction  H02  + O^— ►OH 
+ 202>  Table  III  includes  the  C10x  system  together  with  the  most  recent 
temperature -dependent  rate  for  the  reaction  NO  + H02— ^N02  + OH,  and  a 
pressure-dependent  rate  for  the  reaction  CO  + 0H-K302  + H. 


Computation  of  the  absorption  of  solar  radiation  is  an  integral  step  in 
determining  the  chemical  structure  of  the  atmosphere,  since  many  of  the  im- 
portant reactions  in  the  atmosphere  are  photochemical  processes.  The  diur- 
nally  averaged  local  photolysis  rates  J.  are  calculated  at  every  location  in  the 
atmosphere  at  every  third  time  step  by  a technique  developed  by  Kramer  and 
Widhopf  [1978],  using  the  solar  flux  data  compiled  by  Ackerman  [1971].  The 
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time  variation  of  the  solar  zenith  angle  with  latitude  and  solar  declination  is 
included  in  the  determination  of  the  photolysis  rates  JL.  The  absorption 
cross  sections  utilized  to  compute  J\  for  the  various  species  are  outlined  in 
Widhopf  [1975]  and  the  NASA-CFM  study  [1977]. 

In  order  to  properly  model  the  chemistry  of  the  species  N20^,  NO^, 
and  CIONO^  which  have  important  nighttime  chemistry,  a diurnal  averaging 
was  introduced  similar  to  that  of  Turco  and  Whitten  [1978],  Here,  the  diurnal 
variation  of  the  concentration  is  modeled  as  a constant  daytime  level  followed 
by  a constant  nighttime  level.  The  ratio  between  these  two  states  can  be 
calculated  and  is  used  to  average  the  chemical  production/depletion  terms  to 
account  for  daytime -nighttime  chemistry.  This  change  allows  for  an  appro- 
priate modeling  of  the  nighttime  chemistry  for  NO^,  N^O^,  and  CIONO^  while 
improving  the  calculated  relative  concentrations  of  NO^  to  NO. 

The  effect  of  multiple  scattering  was  also  found  to  have  a significant 
effect  on  distributions  of  NO  and  N02  as  well  as  other  species.  Therefore, 
it  was  included  in  the  model  using  the  work  of  Luther,  et  al.  [1978]. 
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TABLE  I la.  ADDITIONAL  REACTIONS  AND 
NEW  NASA  (1977)  RATES 


1 

4 


t 


■ 
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TABLE  lib.  CHEMICAL  REACTIONS  AND  RATE  COEFFICIENTS 


REACTION 


RATE  COEFFICIENT 


14.  H02  + 0}— OH  + 202 


1.4(10)"14  cxp[  -580/T] 


TABLE  III.  CHLORINE  CHEMICAL  REACTION  AND 
RATE  COEFFICIENTS 


REACTION 

RATE  COEFFICIENT 

10. 

NO  + H02— »OH  + N02 

3.  3(10)"12  expj 254/T 1 

44. 

CO  + OH— H + C02 

I.4(10)"13  + 7.  33<10f33[M] 

65. 

ci  + o?— cio  + o2 

2.  7(10)'U  exp[  -257/T) 

66. 

CIO  + 0(3P|— »C!  + 02 

7.  7(10)"  3 * exp|  -130/T) 

67. 

CIO  + NO— Cl  + N02 

KlOf  11  exp[  200/T  ] 

O' 

00 

CHa  + Cl— ►HCl  + CH, 

4 3 

7.  3(10)"  12  exp|  - 1260/T) 

6 9. 

Cl  + H2— »HC1  + H 

3.  5(10)*  1 1 exp[  -2290/T) 

70. 

H02  + Cl— HCl  + 02 

3(10)" 

71. 

OH  + HCl— H20  + Cl 

3(10)'12  exp[  -425/T] 

72. 

HC1  + 0(3P)— ■ Cl  + OH 

1.  1(10)"  1 1 exp[-3370/T] 

73. 

Cl  + OH— HCl  + 0(3P) 

1 (10)'  1 1 expl  -2970/T] 

74. 

CIO  + hi/— Cl  + 0(3P) 

3 74 

75. 

HCl  + hi/— H + Cl 

J75 

76. 

cio  + no2  + n2— ciono2  + n2 

3.3(10, "23  T"3-34 

1 + 8.  7(10)"9[Ml1,/2  t"0’^ 

77. 

C10N02  + hi/— CIO  + N02 

3 77 

78. 

ciono2  + o(3P)— cio  + no3 

3(10)"  32  exp(  -808/T] 

79. 

CIO  + CIO— CIO  + Cl  + 0(3P) 

2.  I (10)"  12  exp(  -2200/T] 

80. 

CIO  + CIO— 2C1  + Oz 

1 . 5(10) " 12  exp(-1238/Tj 

I 
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4.  BOUNDARY  CONDITIONS 


The  computational  domain  considered  in  this  investigation  extends  from 
the  north  to  the  south  pole,  with  a 10°  meridional  resolution,  and  from  the 
surface  to  50  km,  with  a vertical  resolution  of  A z - 2 km  from  the  surface  to 
12  km,  Az  = 1 km  up  to  35  km,  and  Az  = 2.  5 km  up  to  the  upper  boundary. 

At  the  polar  regions,  a zero  latitudinal  flux  is  assumed. 

11  3 

A fixed  ozone  concentration  [6(10)  mol/cm"]  was  imposed  at  the  lower 
boundary,  as  interpreted  from  the  meridional  distributions  compiled  by 
Diitsch  [1971]  and  Hering  and  Borden  [1964-67]  [as  summarized  in  the  data 
compilation  of  Wu  (1973)].  The  concentration  of  at  the  lower  boundary 
was  prescribed  as  an  average  value  (0.31  ppmv)  interpreted  from  the  tropo- 
spheric measurements  of  Schutz,  et  al.  [1970]  and  Goldman,  et  al.  [1973], 

The  latitudinal  variation  of  the  mass  mixing  ratio  of  CO  at  the  surface  was 
interpreted  from  the  measurements  of  Seiler  [1974].  The  mass  mixing  ratio 
of  CH^  (1.  34  ppmv)  at  the  lower  boundary  was  specified  from  the  measure- 
ments of  Ehhalt,  et  al.  [1973,  1974],  Injection  of  NO  and  NO^  resulting 
from  the  anthrophotogenic  activities  was  specified  at  the  lower  boundary  as 

interpreted  from  the  estimates  of  Robinson  and  Robbins  [1971].  The  species 
3 1 

0(  P),  0(  D),  OH,  N,  and  H wf  re  taken  to  be  in  photochemical  equilibrium  at 

the  lower  boundary  because  of  their  relatively  short  lifetimes,  whereas  H^O, 

HNOj,  NO2,  NO,  HO^,  ^Og,  NO^,  and  C10x  were  removed  from 

the  troposphere  by  simulating  atmospheric  rainout/washout.  The  species 

^O,  HNOj,  H2O2,  HO2,  l^Og,  NO^,  and  ClOx  are  removed  at  the  average 

rates  defined  by  Junge  [1963],  whereas  NO2  and  NO  were  assumed  to  be 

removed  at  one-tenth  this  rate.  The  rainout/washout  model  is  discussed  in 

more  detail  in  a subsequent  section. 

• 

The  species  0(3P),  O^D),  Oj,  OH,  HOz,  H202,  N,  H,  Cl,  CIO,  and 
CIONO2  were  assumed  to  be  in  photochemical  equilibrium  at  the  upper 
boundary,  whereas  the  mass  mixing  ratios  of  NO2,  ^O,  ^O,  ^Og,  NO^, 
CH^,  CO,  and  HNO^  were  continued  analytically  to  the  upper  boundary  by  a 


second-order  extrapolation  in  space  and  time  described  by  Widhopf  [ 1975] 
and  Widhopf  and  Taylor  [ 1974].  This  extrapolation  allows  the  use  of  centered 
spatial  differencing  at  this  boundary  while  also  eliminating  the  necessity  of 
specifying  a boundary  condition  for  these  species  at  this  location.  It  is  an 
accurate  and  stable  method  of  evaluating  conditions  at  computational 
boundaries  [Widhopf  and  Victoria  (1973)]  when  the  physical  mechanisms 
interior  to  the  computational  domain  govern  the  boundary  value.  This  is  the 
case  for  I^O,  NO.,,  C^,  N^,  N03,  H.,0,  and  HN03.  which  are  being 
transported  up  into  the  higher  regions  of  the  stratosphere. 
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5.  TRANSPORT  DATA 


The  meridional  distributions  of  both  mean  density  and  temperature 
were  specified  using  the  data  obtained  from  10  years  of  observations  which 
were  analyzed  and  compiled  by  Louis  [1973,  1974],  These  averaged  data  are 
specified  from  the  surface  to  68  km  for  the  entire  meridional  plane  and  for 
each  of  the  four  seasons.  A tabulation  of  the  temperature  is  included  in  the 
Appendix. 

Luther  [ 1973a,  b]  has  analyzed  the  heat  transfer,  temperature,  and 
wind  variance  data  of  Oort  and  Rasmussen  [1971]  using  the  procedure  outlined 
by  Reed  and  German  [1965]  for  defining  the  components  of  the  anisotropic  tur- 
bulent eddy  diffusivity  tensor.  The  three  components  k^.  k^,  and  k^z  are 
specified  for  the  northern  hemisphere  from  the  surface  to  60  km.  Values  for 
the  components  of  the  diffusivity  tensor  in  regions  where  observational  data 
were  not  available  were  obtained  by  Luther  by  extrapolation,  using  the 
results  of  Wofsy  and  McElroy  [1973]  and  Newell,  et  al.  [1966],  These  coeffi- 
cients are  specified  for  each  month  and  initially  were  used  to  parameterize 
the  components  of  the  turbulent  diffusivity  tensor.  The  values  for  the  southern 
hemisphere  were  obtained  by  reflecting  the  northern  hemispheric  values, 
shifted  by  six  months,  and  applying  them  appropriately  in  the  southern  hemi- 
sphere. However,  when  these  transport  coefficients  were  tested  against  the 
dispersion  of  inert  tracers  in  the  atmosphere,  they  were  found  to  be  not 
totally  adequate  [Widhopf  (1975)]  and  were  improved  by  numerical  experi- 
mentation described  by  Widhopf,  et  al.  [1977],  Additional  tropospheric 
modifications  which  were  necessary  to  model  the  water  vapor  distributions 
are  discussed  in  subsequent  sections.  The  most  current  values  of  the  tur- 
bulent diffusion  coefficients  used  in  the  model  for  the  months  of  October, 
January,  April,  and  July  are  also  included  in  the  Appendix. 


The  mean  meridional  circulation  was  obtained  from  the  work  of  Louis, 
et  al.  [1974]  who  calculated  the  circulation  patterns  by  solving  the  continuity 
and  energy  equations  using  compiled  observations  of  the  local  meridional 


t 


temperature  distributions  and  heat  transfer  rates.  These  are  the  same  data 
sources  used  to  define  the  thermal  structure  of  the  atmosphere,  as  previously 
discussed.  The  circulation  patterns  are  specified  for  the  entire  meridional 
plane  for  each  season  from  the  surface  to  50  km.  In  order  to  insure  that 
total  mass  conservation  was  satisfied,  the  vertical  wind  component  obtained 
by  Louis  was  specified  and  the  meridional  component  calculated  from  the 
global  continuity  equation.  Both  the  vertical  and  meridional  wind  velocities 
are  tabulated  in  the  Appendix. 


In  order  that  smooth  variations  of  all  these  parameters  exist  throughout 


the  year,  the  temperature,  density,  and  transport  parameters  (k zz , k^. 


k^,  and  w)  were  specified  at  each  location  by  temporarily  fitting  the  data 


previously  described  using  a five-term  Fourier  series. 
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6.  NUMERICAL  SCHEME 

In  this  model,  an  accurate  (second-order  in  space  and  time)  and  effi- 
cient time-implicit  finite  difference  scheme  has  been  employed  to  solve  the 

governing  individual  species  conservation  equation  for  those  species  with 

• 13 

chemical  lifetimes  less  than  two  days  [0(  D),  0(  P),  O^,  N,  NO,  NO^,  NO^, 

N^O^,  H,  OH,  HO£,  H^O^.  Cl,  CIO,  and  CIONO2].  Advective  and  diffusive 

terms  that  are  important  in  determining  the  time -dependent  distributions  of 

the  species  are  treated  using  a leap-frog  and  a Dufort- Franke  1 finite  difference 

scheme,  respectively. 

The  time-implicit  method  makes  use  of  a second-order  accurate  method 
developed  by  Widhopf  and  Victoria  [1973],  In  this  method,  the  chemical 
production/ loss  termW.,  at  a specific  mesh  point  and  at  the  new  time  level 
n+1,  is  approximated  by  the  expansion 


o n + 1 

«*>"  (Y..P.T) 


*«r  frl  - *r)  ♦($)V+l 

/but-  \n  / 4.1  \ 

. I 1 1 Ln  + 1 _n  1 

+ \"5t  / \t  " T ) 
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where  the  index  i denotes  the  species  i,  the  corresponding  mass  fraction, 

T the  temperature,  p the  density,  n the  current  time  level  of  the  computation, 
and  N the  number  of  species  considered.  All  partial  derivatives  of  t2X  are 
analytically  computed  and  evaluated  at  the  current  time  level  n.  In  addition, 
w!1  is  approximated  by  the  following: 

<jn  + 1 +W"'1 
,#.n  _ 1 1 

wi  = — ~Z • 
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The  use  of  these  relations  in  the  governing  species  conservation  equa- 
tions results  in  a linear  set  of  coupled  equations  for  . (For  this  prob- 

lem, the  time  variations  of  p and  T are  specified.  ) These  equations  are 
coupled  only  in  time  and  not  in  space,  and  thus  the  technique  results  in  a 
solution  of  a set  of  Ng  linear  equations  at  each  mesh  point.  The  stability 
and  accuracy  of  the  scheme  is  discussed  by  Widhopf  and  Victoria  [1973]. 

This  time-implicit  algorithm  overcomes  the  "stiff"  nature  of  the  govern- 
ing equations  which  results  from  the  wide  range  of  chemical  time  scales  of 
the  problem.  For  the  current  numerical  system,  the  allowable  time  step  is 
determined  by  the  convective  time -step  limitation,  which  yields  a maximum 
time  step  of  a few  days.  In  order  to  simplify  the  calculation  and  reduce  the 
N matrix  size  (with  analogous  reduction  in  computation  time),  only  those 
species  whose  shortest  chemical  time  scales  are  less  than  two  days  through- 
out the  computational  domain  need  to  be  solved  using  the  time -implicit 
algorithm.  All  other  long-lived  species  (N20,  H20,  HN03,  CO,  CH4,  and 
HC1)  are  solved  in  a straightforward  explicit  manner.  This  combination  of 
numerical  algorithms  has  proven  to  be  computationally  stable  and  accurate 
with  a significant  reduction  in  computation  time.  The  simulation  of  one 
complete  yearly  cycle  requires  approximately  20  min  on  a CDC  7600  and 
includes  all  radiative  flux  calculations. 
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7.  WATER  VAPOR  MODELING 


Water  vapor  is  the  source  of  hydroperoxyls  in  the  natural  atmosphere 
and  is  also  a major  component  of  exhaust  emissions  from  aircraft  propulsion 
systems.  These  hydroperoxyls  play  an  important  role  in  determining  the 
chemical  state  of  the  atmosphere  as  well  as  the  effect  of  various  pollutants 
on  this  natural  state. 

The  simulation  of  the  water  vapor  distribution  in  the  atmosphere  is 

difficult  because  it  undergoes  an  exponential  decrease  in  concentration  in 

4 

the  troposphere  from  a surface  value  of  approximately  10  ppmv  to  a rela- 
tively constant  low  concentration  of  approximately  4-6  ppmv  in  the  strato- 
sphere. The  tropospheric  distribution  results  from  a balance  between  surface 
evaporation,  rainout,  and  transport,  whereas  the  stratospheric  distribution 
depends  on  the  gross  transport  exchange  mechanisms  between  the  troposphere 
and  stratosphere,  with  chemistry  playing  a minor  role.  Because  of  limited 
knowledge  of  the  controlling  physical  mechanisms  in  each  of  these  areas, 
the  distribution  of  H^O  has  not  been  previously  calculated  in  aeronomic  photo- 
chemical models,  but  specified  using  data  as  a guide.  As  an  example, 
Widhopf,  et  al.  [1977]  prescribed  the  water  vapor  distribution  in  the  tropo- 
sphere by  specifying  the  relative  humidity  following  the  work  of  Manabe  and 
Wetherald  [1967], and  the  stratospheric  value  was  assumed  to  be  2.5  ppmm  as 
interpreted  from  the  measurements  of  Mastenbrook  [1971].  In  addition  to 
these  modeling  problems,  early  indirect  measurements  of  the  hydroperoxyl 
reaction  rates  indicated  H^O  emission  effects  on  were  much  less  than  the 
corresponding  effect  of  NOx  on  O^.  Thus,  active  modeling  of  water  vapor 
was  not  emphasized. 

However,  due  to  the  increased  importance  of  tropospheric  phenomena, 
as  shown  by  the  work  of  Widhopf,  et  al.  [1977]  and  Hidalgo  and  Crutzen  [1977], 
the  active  modeling  of  water  vapor  is  now  more  important  since  it  would  pro- 
vide a representation  of  rainout/washout  phenomena  which  are  important  in 
the  troposphere.  Furthermore,  new  direct  measurements  by  Howard  and 
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Evenson  [1977]  and  Zahniser  and  Howard  [1978]  of  hydroperoxyl  reaction 
rates  for  the  reactions  NO  + HO,,  and  HO.,  + O3  (discussed  in  subsequent 
sections)  have  increased  the  magnitude  of  these  rates  by  a factor  of  approxi- 
mately 35  and  3,  respectively.  These  rate  changes  have  increased  the  im- 
portance of  hydroperoxyls  in  the  chemical  balance  of  the  natural  and  per- 
turbed atmosphere. 

In  this  regard,  it  is  necessary  to  include  an  active  water  vapor  model 
in  any  comprehensive  atmospheric  model.  The  very  simple  model  used 
herein  is  a result  of  an  extension  of  a one-  and  two-dimensional  steady-state 
water  vapor  modeling  effort  described  by  Glatt  and  Widhopf  [1978].  Here, 
the  average  rainout  rate  as  a function  of  latitude  [Junge  (1963)]  is  used  to 
describe  the  rainout  in  the  troposphere.  The  rainout  is  treated  as  a first- 
order  removal  mechanism  proportional  to  the  local  water  vapor  concentration 
and  removed  throughout  the  troposphere  at  the  average  precipitation  rate 
interpreted  from  available  data.  The  latitudinal  variation  of  the  local  resi- 
dence time.  a(*)(l/sec).  as  interpreted  from  Junge  [1963],  is  presented  in 
Table  IV.  The  time -dependent  surface  boundary  condition  is  a relative  humidity 
specification  using  the  work  of  Manabe  and  Wetherald  [1967]. 

This  is  a very  simple  empirical  approach  somewhat  consistent  with  this 
type  of  empirical  photochemical  model  of  the  atmosphere.  Other  more 
complicated  approaches  were  attempted;  however,  each  required  fundamental 
empirical  or  assumed  information  at  some  point.  For  example,  rainout 
occurs  when  warm  moist  air  accents  and  saturates;  however,  in  the  present 
model,  the  vertical  velocities  are  prescribed  in  the  mean  and  have  no  meaning 
when  applied  to  the  determination  of  a condition  when  rainout  can  occur.  As 
a result,  we  have  used  this  approach  due  to  its  simplicity  and  ease  of  inter- 
pretation of  the  consequences  of  the  specification  of  empirical  information. 

As  will  be  shown,  the  model  yields  relatively  adequate  agreement  with  the 
sparse  available  data. 
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TABLE  IV.  LATITUDINAL  VARIATION  OF  RAINOUT  RATE  PARAMETER 


■ 


■ 


Figures  la  through  Id  show  calculated  water  vapor  profiles  for  the 
mid-months  of  each  of  the  four  seasons  compared  with  available  tropospheric 
data  [Oort  and  Rasmussen  (1971)]  and  data  compilation  by  Harries  [1976], 

As  can  be  seen,  the  exponential  decrease  of  water  vapor  with  increased 
altitude  in  the  troposphere  is  calculated  adequately,  as  is  the  average  strato- 
spheric concentration.  In  general,  comparison  with  tropospheric  data  for  all 
seasons  shows  relatively  good  agreement  at  the  mid- latitude  (30°N).  At  the 
equator,  the  calculated  concentration  of  water  vapor  above  5 km  is  higher 
than  the  data  for  all  seasons,  whereas  at  60°N  the  results  are  in  good  agree- 
ment during  the  spring  and  summer  seasons,  but  low  during  the  fall  and 
winter.  The  underprediction  at  60°N  is  essentially  due  to  the  lower  surface 
concentration  used  in  the  model.  The  higher  values  predicted  at  the  equation 
above  5 km  are  due  to  the  upward  convection  of  moist  air  from  the  surface 
to  higher  altitude.  This  is  due  to  the  fact  that  upward  motion  exists  in  the 
equatorial  region  throughout  the  year,  while  the  surface  maintains  a high 
concentration  of  water  vapor.  Considering  the  simplicity  of  the  model,  the 
results  are  encouraging. 

In  the  present  model,  the  water  vapor  distribution  arises  from  a balance 

between  a surface  flux  (evaporation),  rainout,  and  transport,  with  chemistry 

playing  a minor  role.  The  surface  flux  F is  given  by  F ( <p ) = -p  k dY/dz|z=0, 

where  p is  the  density,  k the  vertical  diffusion  coefficient,  and  Y the  mass 

z z 

fraction  of  water  vapor.  The  total  precipitation  at  the  surface  at  any  particu- 
lar latitude  is  given  by 

H «f» 

P (<t>)  = f a (<f>)  pY  dz 
o 

where  a(0)  is  the  average  rainout  rate  constant  (sec"*)  as  a function  of  lati- 
tude, and  H is  the  height  of  the  troposphere.  Figure  2 shows  the  latitudinal 
distribution  of  average  annual  precipitation  compared  with  data  [junge  (1963)]. 
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MASS  MIXING  RATIO  OF  WATER  VAPOR 


Fig.  ib.  Water  Vapor  Profile  in  Natural  Atmosphere  in  January 
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Fig.  Id.  Water  Vapor  Profile  in  Natural  Atmosphere  in  July 


Comparison  of  Measured  and  Calculated  Average 
Annual  Precipitation  Rate 
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The  resultant  latitudinal  distribution  of  precipitation,  although  high,  does 
seem  to  follow  the  trends  in  the  data  between  0°N  and  25°N.  However,  the 
results  do  not  show  the  constant  level  of  precipitation  as  measured  between 
25  and  55°.  Also  included  is  the  latitudinal  distribution  of  precipitation  for 
an  earlier  calculation  where  the  vertical  resolution  in  the  troposphere  was 
1 km.  The  differences  in  the  two  calculations  result  from  relative  changes 
in  the  first  two  km  of  the  respective  calculated  water  vapor  profiles.  The 
changes  in  the  tropospheric  water  vapor  profiles  calculated  with  each  resolu- 
tion are  minor  and  both  are  in  agreement  with  available  data;  however,  the 
calculated  precipitation  is  seen  to  be  more  sensitive.  In  this  regard,  it  must 
be  pointed  out  that  the  present  type  of  model  should  not  be  expected  to  repro- 
duce the  precipitation  data,  since  we  have  lumped  all  the  physical  mechanisms 
for  rainout  into  one  parameter,  a.(<f>),  which  is  just  a function  of  latitude. 

Since  nearly  all  the  precipitation  occurs  in  the  first  5 km  in  the  model,  the 
mass  fraction  of  water  vapor  at  altitude  does  not  affect  the  total  precipitation 
rate  [Widhopf  and  Glatt  (1978)]. 

A sensitivity  study  was  performed  in  order  to  attempt  a systematic 
variation  of  the  parameters  to  determine  the  effect  on  the  water  profiles  of 
changing  the  key  parameters  in  the  water  model.  From  the  results  of  the 
previous  simplified  one -dimensional  model  developed  by  Glatt  and  Widhopf 
[1978],  in  which  the  water  vapor  distribution  is  a result  of  a balance  between 
the  divergence  of  the  vertical  eddy  flux  and  the  rainout  (i.e.,  precipitation), 
the  resultant  distribution  was  found  to  be 


Y = 


Y sinh[X(l-z)]  + Yu  sinhfXz] 
s ri 


si 


inhX 


where  Y is  the  surface  value  of  mass  mixing  ratio  of  water  vapor,  Yu  the 

mass  mixing  ratio  at  the  tropopause  Z = Z/H,  H the  height  of  the  tropopause 

Xs  H \/a  /K  , a the  constant  rainout  rate,  and  K the  constant  vertical 
u o o o 


turbulent  diffusion  coefficient.  The  surface  flux  can  be  obtained  by  differen- 
tiating the  above  expression  and  is  given  by 

F = J a K [Y  tanhX  - Y„/sinhX] 
s v o o 1 s H 

For  typical  values  of  the  parameters,  the  surface  flux  can  be  expressed  as 

F » J a K Y . 
s v o o s 

Thus,  it  can  be  seen  for  a given  value  of  Y that  the  surface  flux  is  propor- 

s 

tional  to  y/  aQKQ.  By  requiring  the  surface  flux  to  take  on  appropriate  values, 

we  require  y aQKQ  to  be  constant.  The  equation  for  the  mass  mixing  ratio 

can  now  be  written  in  terms  of  either  a or  K , i.e. 

o o 


\ = H ya  /K  = v/  a K = - — — 

° ° K„  ° ° /rir 

o o 


One  can  now  vary  the  parameters  in  a systematic  way  to  attempt  to  match  the 
data.  However,  since  data  exist  for  the  total  average  annual  precipitation 
rates  [Junge  (1963)],  whereas  there  is  some  uncertainty  in  Kq,  it  is  appro- 
priate to  fix  aQ  and  vary  Kq.  This  type  of  sensitivity  study  was  carried  out 

in  the  two-dimensional  model  where  K is  the  value  of  k at  the  surface. 

o zz 

It  should  be  emphasized  that  in  the  two-dimensional  model  k is  not  constant 
in  the  troposphere,  but  is  a function  of  latitude,  altitude,  and  time  of  year  as 
shown  in  the  Appendix.  The  net  effect  was  a • modification  of  the  two-dimen- 
sional vertical  turbulent  diffusion  coefficients  in  the  lower  regions  of  the 
troposphere,  the  results  of  which  correspond  to  the  profiles  shown  in  Figs, 
la  through  Id. 

The  sensitivity  studies  performed  to  date  have  shown  a relative  insensi- 
tivity of  the  troposphere  profiles  to  most  changes  in  other  parameters  such 
as  * 15  percent  variation  in  these  rainout  rates  and  the  surface  value  of  k^. 
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However,  there  is  a larger  sensitivity  in  the  predicted  stratospheric  Level  of 
H2O  to  transport  across  the  tropopause.  The  Junge  rainout  rates  are  average 
tropospheric  values  and,  as  long  as  these  values  are  specified  throughout  the 
troposphere  as  a function  of  latitude,  the  stratospheric  values  of  water  vapor 
concentration  fall  within  the  measured  variation.  However,  changes  in  this 
specification  can  result  in  large  increases  or  decreases  in  H2O  in  the 
stratosphere. 

Since  proper  transport  of  water  vapor  in  the  lower  regions  of  the  tropo- 
sphere necessitated  some  modifications  to  the  turbulent  diffusion  coefficients, 
as  well  as  providing  a means  for  calculating  the  effect  of  washout,  it  was 
important  to  verify  these  coefficients  by  rerunning  previous  inert  tracer 
experiments  such  as  C-14,  W-185,  and  Zr-95.  In  the  case  of  W-185  and 
Zr-95,  the  rainout/washout  model  was  used  to  wash  out  these  particulate 
tracers.  The  C-14  and  W-185  results  presented  in  Widhopf,  et  al.  [1977], 
which  were  in  good  agreement  with  data,  were  not  appreciably  affected;  how- 
ever,  the  time  decay  of  the  total  Zr-95  burden  could  now  be  reproduced  using 
a smaller  density  of  2 gm/cm^  as  compared  to  6.4  gm/cm3  used  in  past 
simulations  (see  Fig.  3).  Utilization  of  a density  of  6.4  gm/cm3  assumed 
the  particle  to  be  entirely  composed  of  tungsten,  while  a density  of  2 gm/cm3 
assumes  some  hybrid  form  of  the  particle,  more  in  line  with  estimates  made 
by  others.  Thus,  the  water  modeling  has  been  an  aid  in  developing  a better 
prescription  of  the  transport  in  the  troposphere. 

Further  model  improvements  are  anticipated  in  which  the  surface  rela- 
tive humidity  boundary  condition  will  be  replaced  by  a specified  surface  mass 
mixing  ratio  as  a function  of  time.  This  modification  should  improve  the 
water  vapor  distribution  at  the  higher  latitudes  during  the  fall  and  winter 
seasons.  Some  minor  modifications  in  will  most  probably  be  required. 

The  resultant  minimum  in  the  water  vapor  profiles  near  the  tropopause, 
although  seen  in  some  data  sets  (Figs,  la  through  Id),  can  probably  be  attri- 
buted to  an  improper  specification  of  the  transport  coefficients  near  the  tropo- 
pause, as  well  as  the  prescription  of  the  manner  in  which  the  model  parameter 
a(0)  approaches  zero  in  the  tropopause.  The  availability  of  more  data  and 
further  analysis  of  our  rainout  and  transport  specification  may  lead  to  improve- 
ments in  this  area. 
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Fig.  3.  Comparison  of  the  Calculated  and  Observed  Decay 
of  the  Zr  - 95  Burden  Resulting  from  the 
17  June  1967  Chinese  Nuclear  Test 


8.  MODEL  RESULTS 


In  the  last  few  years,  the  development  and  application  of  new  laboratory 
techniques  have  resulted  in  the  first  direct  measurements  of  some  important 
hydroperoxyl  reaction  rates.  These  newly  measured  rates  are  significantly 
different  in  magnitude  than  those  previously  interpreted  by  indirect  means. 
This  has  resulted  in  significant  changes  in  the  calculated  distribution  of  some 
trace  species  in  the  natural  and  perturbed  atmosphere,  as  well  as  an  increase 
in  the  relative  importance  of  the  hydroperoxyl  chemical  cycle  in  aeronomic 
studies.  These  effects  were  investigated  as  an  integral  part  of  our  continuing 
model  development  and  study  effort  for  HAPP,  and  the  important  changes  are 
summarized  herein,  together  with  other  model  results. 

In  order  to  provide  a frame  of  reference,  model  calculations  performed 
using  the  O-H-N  chemistry  listed  in  Table  I,  and  reported  by  Widhopf,  et  al. 
[1977],  are  reproduced  in  this  report.  These  results  were  in  good  agreement 
with  observations  of  for  both  total  ozone  column  and  the  spatial  distribution 
of  ozone  using  the  chemical  reactions  and  rates  accepted  to  be  most  accurate 
at  the  time  (1976).  In  these  calculations,  H20  was  specified  and  NOj,  N2C>5, 
and  CIO  were  not  considered.  In  addition,  a straightforward  diurnal 

X 

averaging  procedure  was  used.  The  variation  of  the  calculated  ozone  column 
in  the  natural  atmosphere  with  time  of  year  is  reproduced  in  Fig.  4a,  which 
can  be  compared  to  Dutsch's  [1971]  compilation  of  observed  ozone  data  (see 
Fig.  4b).  The  calculation  is  in  good  agreement  with  observations  except  at 
high  latitudes  during  the  winter- spring  seasons  where  the  ozone  column  is 
underestimated  by,  at  most,  9 percent.  Ozone  profiles  calculated  at  various 
latitudes  during  the  mid-months  of  each  season  are  reproduced  in  Figs.  5a 
through  5d,  together  with  available  data.  The  calculated  profiles  reproduce 
the  observed  distributions  throughout  the  year  except  in  the  troposphere, 
where  the  levels  are  under  predicted. 
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Fig.  5b.  Comparison  of  Calculated  and  Observed  Ozone  Profiles 
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Fig.  5d.  Comparison  of  Calculated  and  Observed  Ozone  Profiles 
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Subsequent  calculations  of  the  effect  on  ozone  abundance  of  projected 
1990  subsonic  and  supersonic  fleet  NC>x  emissions  (see  Table  V),  which  were 
performed  in  that  same  study,  indicated  a potentially  small  overall  increase 
in  ozone  due  to  these  emissions.  Specifically,  the  calculations  indicated  that 
NO  emissions  in  the  troposphere  from  subsonic-type  aircraft  could  result  in 
an  03  increase  through  the  "smog"  chemical  cycle  as  opposed  to  an  C>3  column 
decrease  above  approximately  15  km  resulting  from  supersonic  aircraft  NC>x 
emissions  in  the  stratosphere.  Representative  results  are  reproduced  in 
Figs.  6a,  6b,  and  7 which  depict  the  ozone  column  change  at  various  latitudes 
over  five  years  of  simulation  and  also  show  the  latitudinal  variation  during 
the  fifth  year  at  February  15,  June  15,  and  October  15.  A typical  change  in 
the  03  concentration  with  altitude  at  40°N  during  October  is  shown  in  Fig.  8, 
where  the  ozone  concentration  change  is  shown  to  be  negative  above  approxi- 
mately 21  km  and  positive  below.  This  results  in  an  overall  column  increase 
below  ~ 1 5 km.  A more  detailed  explanation  of  the  important  chemical 
mechanisms  in  each  regime  is  included  in  Widhopf,  et  al.  (\. 

As  a consequence  of  these  results,  subsequent  modeling  efforts  were 
initially  focused  on  modeling  HzO,  since  any  information  in  this  area  would 
(a)  provide  a better  evaluation  than  that  used  in  the  1976  study  of  average 
rainout/washout  effects  which  are  important  in  the  troposphere  and  influence 
the  distributions  of  NC>x  and  HOx,  (b)  provide  the  ability  (heretofore  unavailable) 
to  actively  model  H2<D  emissions  which  are  a significant  fraction  of  aircraft 
emissions,  and  (c)  result  in  a better  tropospheric  model  and  prescription  of 
the  distribution  of  hydroperoxyls  in  the  natural  atmosphere. 

As  previously  stated,  important  hydroperoxyl  reaction  rates  were  sub- 
sequently measured  directly  for  the  first  time  and  became  available  during 
this  effort.  These  new  measurements  were  substantially  different  than  the 
values  listed  in  Table  I and  increased  the  relative  importance  of  HOx  with 
respect  to  the  effect  of  NOx  on  C>3,  making  a water  model  even  more  important. 
Unfortunately  for  the  modeler,  not  one  but  a number  of  hydroperoxyl  reaction 
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TABLE  V.  1990  WORLDWIDE  AIRCRAFT  NO  EMISSIONS 
HIGH  ESTIMATES,  kg/yr 
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Latitudinal  Variation  of  Ozone  Column  Change 
(Table  I.  Chemical  System  (after  Widhopf, 
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Fig.  8.  Vertical  Change  in  Ozone  Concentration  at  40°  N During 
October  Resulting  from  Aircraft  Fleet  Emissions  Listed 
in  Table  V 


rates  have  turned  out  to  be  incorrect;  however,  the  measurements  were 
necessarily  made  in  sequence.  This  situation  produced  interim  results  when 
each  measurement  was  reported  which  were  not  satisfying  when  compared 
to  available  ozone  data.  Thus,  these  interim  results  had  to  be  investigated 
carefully,  and  the  important  findings  are  described  in  the  following  sub- 
sections. 

8.  1 NO  + HQ2  (RIO)  RATE  CHANGE 

The  rate  at  which  the  reaction  NO  + HO^  **  NO^  + OH  proceeds  was 
measured  by  Howard  and  Evenson  [1977]  to  be  approximately  35  times  faster 
than  previously  interpreted  using  indirect  measurements  (Table  I).  As  a 

result,  calculations  were  performed  using  this  new  NO  + HO~  rate 

- 12  L 
(RIO  = 810  ) together  with  the  updated  reaction  rates  recommended  in  the 

NASA-CFM  study  [1977].  The  rate  R20  was  also  scaled  appropriately  as  a 
result  of  this  measurement,  since  this  reaction  rate  was  previously  estimated 
using  the  same  indirect  methodology.  The  C10x  was  not  considered  in  this 
computation;  however,  ^O^,  NO^,  and  active  ^O  modeling  were  included, 
together  with  a day-night  averaging  needed  to  model  the  important  nighttime 
chemistry  of  ^O,.  and  NO^.  The  corresponding  calculated  results  for  the 
variation  of  the  ozone  column  as  a function  of  latitude  and  time  of  year  in  the 
natural  atmosphere,  originally  reported  by  Widhopf  and  Glatt  [1978],  are 
shown  in  Fig.  9.  The  contours  are  similar  to  those  shown  in  Figs.  4a  and 
4b;  however,  the  ozone  level  is  seen  to  be  approximately  20  to  30  percent 
higher  than  either  that  measured  or  calculated  with  the  old  rate.  The  cor- 
responding ozone  profiles  for  various  latitudes  and  seasons  for  this  calcula- 
tion are  shown  in  Figs.  5a  through  5d.  These  differences  are  primarily  due  to 
the  increase  in  the  NO  + react^on  rate  which  results  in,  among  other 

things,  the  increased  conversion  of  NO  into  NO_,  an  increase  in  production 

3 ^ 

of  0(  P),  and  the  increased  production  of  the  NOx  sink,  HNO^.  Since  NO^  is 

much  less  effective  than  NO  in  catalytically  reducing  ozone,  as  well  as  pro- 

3 

ducing  more  0(  P),  and  since  more  NOx  is  stored  in  HNO^,  this  reaction  rate 
change  has  resulted  in  an*overall  increase  in  ozone  in  the  calculated  natural 
atmosphere. 


Note  that  in  this  calculation  the  vertical  transport  above  20  km  was 
reduced  from  that  used  in  the  previously  described  natural  atmosphere 
calculation  [Widhopf,  et  al.  (1977)].  This  change  was  introduced  in  order  to 
reduce  the  levels  of  N2<D  and  CH4  at  altitude  so  that  better  agreement  with 
available  high  altitude  measurements  of  N^O  and  CH^  could  be  obtained. 

This  change  was  determined  not  to  affect  any  of  the  previous  inert  tracer  re- 
sults, since  for  these  cases  the  major  portion  of  the  tracer  was  always  below 
25  km.  This  transport  modification  reduced  the  ozone  overprediction  to  the 
present  level  of  20  to  30  percent. 

At  this  point,  some  sensitivity  studies  were  performed  to  determine 
if  modifications  to  the  transport  could  account  for  the  discrepancy  between  the 
predicted  and  observed  ozone  columns.  In  brief,  even  relatively  drastic 
changes  in  transport  (while  always  trying  to  match  observations  of  other 
species  and  inert  tracers)  could  not  account  for  the  differences.  Note  here 
that  the  difference  between  measured  and  calculated  ozone  profiles  is  much 
more  easily  determined  in  a multidimensional  model,  since  the  measured 
profiles  are  available  at  various  latitudes.  In  a one-dimensional  model,  the 
variation  of  a mean  ozone  profile  is  large  because  of  the  latitudinal  variation 
of  ozone  and,  thus,  rather  large  changes  in  the  calculated  ozone  profiles  can 
still  fall  within  the  measured  variation.  This  is  not  generally  true  in  the 
multidimensional  model  case,  and  the  comparisons  are  more  direct.  Further 
reduction  of  the  vertical  transport  did  not  seem  possible  if  the  model  results 
for  other  species  distributions  at  high  altitudes  were  to  agree  with  available 
measurements  (specifically  N20  and  CH^).  As  a consequence,  the  results  of 
these  numerical  simulations  indicated  that  another  chemical  rate  could  also 
be  inaccurate,  or  an  additional  important  chemical  mechanism  (perhaps 
involving  H02N02)  was  not  presently  included  in  the  model.  The  reader 
should  not  be  left  with  the  idea  that  we  feel  that  the  transport  as  prescribed 
in  this  model  is  quite  correct  but,  rather,  we  consider  that  within  our  experi- 
ence and  the  confines  of  our  model  tests  these  discrepancies  in  ozone  cannot 
be  accounted  for  by  an  inaccurate  specification  of  the  transport  only.  From 
our  studies  we  believe  that  the  discrepancy  in  this  case  must  be  principally 
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caused  by  a chemical  problem  , with  the  transport  also  playing  a role. 

These  questions  were  actively  pursued  and  candidate  reactions  were  sug- 
gested [Widhopf  and  Glatt  (1978)],  as  interpreted  from  the  results  of  both 
the  natural  atmospheric  simulation  and  a study  of  the  effect  of  combined  NO^ 
and  HOx  a ircraft  emissio.  s on  ozone. 

In  order  to  estimate  the  effect  of  combined  NO  and  HO  aircraft 

x x 

emissions,  a calculation  was  performed  injecting  NO^  at  the  rate  specified 
in  Table  V with  the  following  modification:  the  rate  of  injection  above  15  km 
was  tripled.  This  effectively  triples  the  number  of  supersonic  aircraft 
considered.  The  HO^  was  simultaneously  injected  at  a rate  73.5  times  the 
NO  rate,  which  corresponds  to  the  ratio  of  the  HO  to  NO  emission  indices 
[Oliver  (1976)].  The  results  of  this  calculation  are  shown  in  Fig.  10.  For 
this  case,  the  injection  of  combined  NO^  and  HO^  emissions  increased  the 
ozone  concentration  above  the  level  calculated  in  the  natura  1 atmosphere  in 
both  the  troposphere  and  stratosphere.  Very  small  increases  in  ozone  occur 
in  the  stratosphere  with  the  predominant  changes  occurring  in  the  troposphere 
where  most  of  the  pollutants  are  deposited.  The  resultant  maximum  increase 
in  ozone  column  is  approximately  3.  5 percent,  somewhat  higher  than  the 
1.5  percent  obtained  in  the  previous  calculations  where  HO^  was  not  injected. 

This  change  was  primarily  due  to  the  change  in  reaction  rate  10.  The  varia- 
tion with  time  of  year  is  quite  similar  to  the  previous  calculation  in  which  the 
minimum  effect  occurs  during  late  winter -early  spring,  and  the  maximum 
effect  occurs  during  late  summer-early  autumn.  This  calculation  was  carried 
out  for  approximately  two  years  since,  as  in  the  previous  NO^  case,  the 
overall  column  changes  are  nearly  periodic  from  year  to  year  after  one-half 
year. 

In  order  to  understand  and  explain  the  increase  in  total  ozone  column 
obtained  for  this  calculation,  the  chemical  mechanisms  for  the  production/ 
depletion  of  ozone  were  investigated.  Analyses  of  the  results  indicate  that 
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different  chemical  mechanisms  are  important  in  the  stratosphere  and  tropo- 
sphere. In  the  stratosphere,  the  injection  of  NO^  depletes  ozone  through  the 
catalytic  destruction  cycle. 

NOz  + 0(3P)  — ►NO  + Oz 

R6 

NO  + 03— *“N02  + Oz 

R7 

However,  the  overall  increase  in  ozone  level  is  due  to  NO 

i.e. 

reacting  with  HO^, 

NO  + H02— ►OH  + NOz 

RIO 

which,  in  turn,  produces  03  through  the  cycle 

N02  + hj/— ►NO  + 0(3P) 

R4 

0(3P)  + Oz  + M—*"03  + M 

R5 

A reduction  in  H02  also  occurs  through' RIO  which  reduces  the  effectiveness 
of  the  ozone  loss  due  to 

H02  + 03— ►OH  + O,  + Oz 

R 14 

The  net  result  is  an  increase  in  ozone  in  the  stratosphere.  For  the  previous 
calculation  [Widhopf,  et  al.  (1977)],  which  used  the  slower  rate  for  RIO,  the 
NO^  emissions  reduced  ozone  slightly  in  the  stratospere.  Thus,  this  new 
hydrperoxyl  rate  measurement  has  resulted  in  an  important  change  in  the 
effect  of  NOx  emissions  on  ozone  in  the  stratosphere. 

In  the  troposphere,  the  effect  of  combined  injection  of  NO.,  and  H^O  is  a 

production  of  ozone.  This  ozone  increase  is  due  to  the  increase  in  concentra- 
3 

tion  of  0(  P).  As  pointed  out  by  Widhopf,  et  al.  [1977],  in  the  strict  NO., 
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injection  case,  the  increase  in  0(3P)  was  initiated  by  RIO  which  produced 

OH  which,  in  turn,  oxidized  methane  which  then  cycled  through  the  smog 

3 

chain  to  produce  H02«  The  increase  in  NO^  produced  0(  P)  through  R4. 
The  additional  injection  of  H^O  had  a slight  effect  in  reducing  the  level  of 

ozone  increase;  this  is  a result  of  the  formation  of  HNO,  in  the  troposphere 

3 3 

which  is  then  rained  out,  reducing  the  level  of  NO^  and  thus  0(  P),  i.e. 


H20  + O^D)— ►OH  + OH 

R32 

OH  + NOz  + M— ►HNOs  + M 

R12 

N02  + hP  — *-NO  + 0(3P) 

R4 

0(3P)  + 02  + M— ►Oj  + M 

R5 

In  the  stratosphere,  injection  of  H20  reduces  the  ozone  increase  due  to 
NO  injection  by  introducing  additional  OH  and  HO,,  i.e. 

X « 


H20  + O^DJ-^OH  + OH 

R32 

03  + OH— ^©2  + HOz 

R9 

o3  + ho2-*-oh  + o2  + o2 

R 14 

Thus,  the  combined  effect  of  the  injection  of  NO^  and  HOx  for  these 
calculations  is  to  increase  ozone  in  both  the  troposphere  and  stratosphere. 
Since  the  mechanisms  in  both  the  stratosphere  and  troposphere  are  strongly 
dependent  on  the  rate  at  which  the  reaction  HO^  + NO^^-OH  + N02  proceeds, 
together  with  the  fact  that  the  use  of  this  rate  resulted  in  substantial  increases 
in  the  ozone  levels  in  the  natural  atmosphere  above  observed  levels,  it  was 
definitely  felt  that  other  reaction  rates  involving  the  hydroperoxyls  were  still 
inaccurate.  Possible  candidate  hydroperoxyl  reaction  rates  that  should  be 
investigated  further  were  suggested  [Widhopf  and  Glatt  (1978)].  These 


n 


s 


J Ml  <1. 


— — - » - 


recommendations  were  based  on  our  analysis  of  the  controlling  chemical 
mechanisms  in  the  aforementioned  natural  and  perturbed  results.  Since  we 
found  that  in  the  natural  atmosphere  the  overprediction  could  not  be  accounted 
for  by  transport  modifications  alone,  we  suggest  that  the  following  reactions 
involving  the  production  or  depletion  of  Of  P),  those  depleting  ozone,  and 
important  reactions  involving  the  partitioning  of  OH,  HO^,  and  H^O,  should  be 
investigated  further. 


OH  + 03— + HOz 

R9 

HOz  + 03— ►OH  + 02  + Oz 

R 14 

HOz  + 0(3P)— ►OH  + 02 

R 1 5 

OH  + HOz— ►HzO  + 02 

R 16 

O^D)  + HzO— ►OH  + OH 

R32 

OH  + 0(3P)— ^2  + H 

R34 

OH  + OH— ►H20  + 0(3P) 

R38 

HOz  + hy  — ►OH  + 0(3P) 

R40 

8.  2 HO?  + (R 14)  RATE  CHANGE 

Subsequently,  new  direct  measurements  of  the  rate  at  which  the  reaction 
R 14  (HO^  + OH  + 2 0^)  proceeds  were  made  by  Zahniser  and  Howard 

[1978];  this  rate  was  significantly  different  than  previous  values  obtained  from 
indirect  means.  With  the  use  of  this  new  reaction  rate,  the  natural  atmos- 
phere was  recalculated  employing  the  chemistry  listed  in  Table  lib.  The 
results  for  the  ozone  column  variation  are  shown  in  Fig.  11.  Here,  the 
calculations  are  seen  to  be  in  much  better  agreement  with  observations  than 
the  previous  result,  confirming  our  conclusion  that  the  previous  overpredic- 
tion of  ozone  was  mostly  chemically  related.  The  ozone  column  is  in  good 
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agreement  with  observations  during  October  through  March  but  consistently 
larger,  by  approximately  10  percent,  than  observed  values  for  the  other 
months.  The  level  of  the  difference  is  not  that  significant;  however,  its 
persistence  through  months  where  chemical  processes  rather  than  transport 
phenomena  are  most  important  may  be  significant,  together  with  the  fact  that 
the  trend  is  present  at  all  latitudes.  Thus,  it  is  felt  that  the  other  reaction 
rates  listed  in  the  previous  section  as  being  important  should  be  measured 
as  soon  as  possible  along  with  a continuing  analysis  and  refinement  of  the 
transport  prescription. 

A comparison  with  available  data  of  the  corresponding  ozone  profiles 
calculated  in  each  of  the  three  studies  previously  described  provides  addi- 
tional important  information.  As  an  illustration.  Fig.  12  presents  an  example 
for  the  month  of  June  at  30°N.  Additional  profile  comparisons  for  selected 
latitudes  are  shown  in  Figs.  5a  through  5d  for  calculations  performed  using 
the  chemical  system  of  Table  lib.  Here,  it  is  seen  that  the  ozone  profiles 
calculated  using  the  new  reaction  rates  are  in  good  agreement  with  data  below 
~30  km;  however,  above  30  km,  even  with  the  new  HO^  + O^  rate,  the  ozone 
concentration  is  still  overpredicted.  The  corresponding  June  ozone  column  is 
10  percent  greater  than  the  observation  at  this  latitude  and  time  of  year;  how- 
ever, this  overprediction  is  also  true  for  other  seasons  where  the  ozone 
column  is  in  good  agreement  with  data  (see  Fig.  11).  Results  plotted  in 
Figs.  5a  through  5d  confirm  this  trend  throughout  the  year. 

8.  3 C1QX  CHEMICA  L SYSTEM 

The  altitude  regime  above  30  km  is  the  region  where  the  effect  of  CIO 
has  been  seen  to  be  important.  Thus,  the  next  modeling  aspect  investigated 
in  this  study  was  the  inclusion  of  CIO  . Since  much  of  the  available  ozone 
data  [Dutsch  (1971)]  have  been  taken  before  there  were  any  significant  C10x 
source  emissions  in  the  atmosphere,  coupled  with  the  fact  that  there  is  no 
agreement  on  how  much  ClOx  is  presently  in  the  atmosphere  and  what  future 
emissions  will  be,  the  effect  of  C10x  on  ozone  was  performed  parametrically 
in  this  study.  This  allowed  for  study  of  the  effect  of  C!Ox  on  species 
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Comparison  of  Calculated  Ozone  Profile  (15  June 
at  30°  N)  with  Measurements 


distributions  and  for  preliminary  investigation  of  the  effect  of  combined  NO 
and  HOx  aircraft  emissions  on  ozone,  which  is  of  primary  interest  to  HAPP. 

In  light  of  these  facts,  combined  with  the  fact  that  the  cost  of  a simula- 
tion of  20  to  40  years  is  prohibitive,  a calculation  of  the  distribution  of  trace 
species  in  an  atmosphere  containing  2 ppbv  of  C10x  was  performed.  Initially, 
the  concentrations  of  Cl,  CIO,  CIONO^,  and  HC1  were  computed  in  equilibrium 
with  2 ppbv  ClOx  in  the  stratosphere.  Subsequently,  at  each  time  step  the 
total  C10x  in  the  stratosphere  was  maintained  at  2 ppbv  by  the  addition  of  a 
source  of  HC1.  The  specific  chemical  system  used  is  outlined  in  Table  III. 
Here,  the  new  temperature  variation  of  RIO  [Zahniser  and  Howard  (1978)] 
has  been  included  in  the  computation,  as  well  as  the  pressure-dependence  for 
R44,  CO  + OH  + M— H + COz  + M [Chan,  et  al.  ' 977)].  The  corresponding 
result  for  the  variation  of  the  ozone  column  is  shown  in  Fig.  13. 

The  ozone  column  is  now  in  agreement  with  observations  in  the  northern 
hemisphere  during  May  through  October  and  approximately  10  percent  lower 
during  most  of  the  rest  of  the  year,  except  near  the  poles  where  the  high  levels 
during  winter-spring  are  approximately  20  percent  low.  An  almost  uniform 
reduction  in  ozone  column  at  all  latitudes  and  time  of  year  was  noticed  when 
these  results  were  compared  to  the  previous  one.  It  should  be  remembered 
that  the  ozone  observations  with  which  we  are  comparing  should  not  have  been 
affected  substantially  by  C10x  due  to  the  time  period  in  which  the  observations 
were  made.  Thus,  this  particular  comparison  is  helpful,  but  not  necessarily 
direct.  A seasonally  variable  level  of  C10x  may  be  more  appropriate  for 
future  simulations.  The  corresponding  profiles  are  shown  in  Figs.  5a 
through  5d  where  good  agreement  with  the  available  data  is  noticed  above  30  km, 
a region  where  ClC>x  should  be  important.  However,  at  most  latitudes,  the 
peak  level  of  ozone  is  lower  than  observed.  The  effect  of  CIO  in  the  natural 
atmosphere  will  require  further  study,  especially  since  the  resultant  ozone 
reduction  is  more  than  we  anticipated  and  other  levels  of  CIO  will  need  to  be 
studied.  x 
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Fig.  13.  Calculated  Monthly  Variation  of  the  Total  Ozone 
Column  as  a Function  of  Latitude  (10~3  cm  at 
STP)  Using  the  Chemical  System  in 
Table  III  (2  ppbv  C10x) 
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As  stated,  the  level  of  2 ppbv  of  C10x  was  chosen  in  order  to  provide 
an  initial  estimate  of  the  effect  of  C10x.  A comparison  of  the  calculated  pro- 
files of  Cl,  CIO,  and  HC1  with  corresponding  available  measurements  is 
shown  in  Figs.  14a  and  14b.  Because  CIO  was  introduced  uniformly  through- 
out the  year,  the  variation  of  the  calculated  Cl  and  CIO  concentrations  does 
not  vary  much  (<10  percent)  with  time  of  year.  However,  the  profiles  at 
30°N  during  July  are  in  very  good  agreement  with  measurements  made  during 
July  at  32°N.  The  calculated  HCl  distribution  during  May  is  shown  in  Fig.  14b 
and  is  in  comparative  agreement  with  available  measurements.  Further 
study  will  determine  the  relative  significance  of  these  C10x  comparisons. 

Other  comparisons  with  data  are  useful  in  elucidating  areas  where  pre- 
sent model  predictions  using  present  chemical  sets  are  in  agreement  with 
observations  and  where  more  research  is  needed.  Some  tropospheric  results 
are  discussed  first.  All  of  these  results  are  plotted  for  the  last  calculation 
which  includes  CIO  , since  the  introduction  of  CIO  does  not  substantially 

X ^ 

effect  the  distribution  of  these  trace  species,  at  least,  within  the  accuracy 
limits  of  the  data. 

Figures  la  through  Id  show  the  calculated  H20  vapor  profiles  compared 
with  data  for  the  months  of  October,  January,  April,  and  July.  As  discussed 
previously,  these  profiles  are  in  relatively  good  agreement  with  data.  This 
type  of  agreement  is  virtually  independent  of  the  chemical  system  considered, 
since  the  variation  of  HzO  is  primarily  controlled  by  transport  processes  and 
rainout.  Other  aspects  of  these  comparisons  were  discussed  previously. 

Tropospheric  NOx  profiles  are  shown  in  Fig.  15  compared  to  tropo- 
spheric estimates  made  by  Fishman  and  Crutzen  [1978]  in  their  attempt  to 
balance  the  CO  budget.  These  profiles  are  shown  for  each  of  the  sets  of  re- 
action rates  outlined  in  Tables  I through  III.  The  rapid  increase  in  the  con- 
centration of  NO  in  the  lower  few  kilometers  is  due  to  the  inclusion  of 
x 

anthropogenic  sources  of  NOx  at  the  surface.  A dramatic  reduction  in  the 
NOx  level  from  that  calculated  using  the  1976  Table  I chemical  system  is 
obtained  with  the  introduction  of  the  new  NO  + H02  rate.  Subsequent  changes 
are  not  very  profound  for  the  chemical  systems  of  Tables  lib  and  III. 
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Fig.  14a.  Comparison  of  Calculated  and  Observed  Cl  and  CIO  Profiles 


VOLUME  MIXING  RATIO  OF  HCI 


Fig.  14b.  Comparison  of  Calculated  and  Measured  Distribution 
of  HCI 
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Comparison  of  Calculated  NOx  Profiles  in  Troposphere  with 
Fishman- Crutzen  Estimated  NOx  Profiles 


Tropospheric  HNO^  profiles  at  30°N  latitude  are  compared  in  Fig.  16, 
with  the  corresponding  measurements  reported  by  Huebert  and  Lazarus  [1978], 
Here,  the  data  very  near  the  surface  have  been  used  to  evaluate  the  surface 
deposition  velocity.  This  deposition  velocity  controls  the  shape  of  the  profile 
below  2 km, while  rainout  controls  the  profile  in  the  rest  of  the  troposphere. 
This  is  a further  indication  that  this  very  simple  rainout  model  provides  an 
approximate  means  to  simulate  the  average  rainout  process  in  the  tropo- 
sphere. Here  it  should  be  emphasized  that,  at  best,  the  rainout/washout  is 
only  simulated  in  some  average  sense. 

While  the  calculated  tropospheric  level  of  HNO^  seems  to  be  in  good 
agreement  with  the  limited  available  data,  the  concentration  of  HNO^  is  over- 
predicted in  the  stratosphere  using  any  of  the  chemical  systems  in  Tables  II 
and  III.  This  is  shown  in  Fig.  17,  where  the  computed  HNC>3  columns  above 
12  km  are  compared  to  measurements.  The  predicted  levels  using  the  new 
hydroperoxyl  reaction  rates  (Table  III  with  2 ppbv  ClC>x)  are  a factor  of 
approximately  three  to  four  higher  than  these  observations.  This  is  also 
demonstrated  in  Fig.  18,  where  a comparison  is  made  of  the  computed  profiles 
of  NO,  NOj,  and  HNO^  with  the  corresponding  simultaneous  measurements  of 
these  species  in  the  stratosphere  [Evans,  et  al.  (1976)].  The  NO  level  is  in 
good  agreement  with  observations;  however,  the  HNO^  level  is  seen  to  be  too 
high  and  the  NO-,  level  is  low. 

Inclusion  of  the  species  H02N02  would  decrease  the  level  of  HNOj  to 
values  in  much  better  agreement  with  data;  however,  there  is  no  solid  justifi- 
cation at  the  present  time  for  including  this  species.  The  overprediction  of 
HNOj  above  current  observed  levels  needs  further  extensive  investigation, 
especially  with  regard  to  the  pressure -dependent  reaction  rate  (R12)  which 
controls  HNO^  formation,  since  the  approximation  of  HNO^  rainout/washout 
seems  reasonable  from  the  comparison  shown  in  Fig.  16. 
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VOLUME  MIXING  RATIO  (ppbv) 

Comparison  of  Calculated  and  Measured  Profiles  of 
NO,  NO,  and  HNO, 


Since  OH  is  a species  which  controls  many  of  the  important  chemical 
processes,  the  calculated  distribution  at  30°N  during  January  is  shown  in 
Fig.  19  compared  to  some  measurements  in  January  1976  [Anderson  (1976)]. 
The  agreement  in  the  high  stratosphere  is  good,  and  the  calculated  profile 
is  also  within  the  broad  regime  of  the  tropospheric  measurements.  More 
data  are  needed  in  the  troposphere  and  lower  stratosphere  in  order  to  deter- 
mine the  adequacy  of  the  OH  calculation  in  this  regime. 

A comparison  of  the  calculated  distribution  of  0(3P)  at  50°N  during 
November  is  compared  to  an  analogous  measurement  in  Fig.  20  [Anderson 
(1975)].  The  calculated  daylight  average  value  of  0(3P)  is  in  relatively  good 
agreement  with  the  data,  being  somewhat  on  the  low  side. 

Calculated  profiles  of  the  daylight  averaged  value  of  NO  are  compared  to 
various  measurements  in  Fig.  21  and  are  in  good  agreement  with  the  wide 
range  of  the  data.  This  further  reinforces  the  need  for  further  investigation 
into  the  HNO^  formation  rate  or  the  inclusion  of  H02N02  in  the  system. 

Corresponding  comparisons  for  N20  are  shown  in  Figs.  22a  through  22c, 
where  the  model  calculations  are  in  relative  agreement  with  data.  As  men- 
tioned earlier,  k was  lowered  above  20  km  from  previous  model  calculations 

ZZ 

[Widhopf,  et  al.  (1977)]  in  order  to  bring  the  predicted  N^O  level  above  40  km 
in  better  agreement  with  the  sparse  available  data.  As  seen  in  Fig.  22b, 
this  has  been  achieved.  However,  a detailed  comparison  of  these  results  with 
the  data  indicates  that  the  calculations  underpredict  the  N20  level  between 
20  and  30  km.  Thus,  we  intend  to  look  into  this  specification  of  above 
20  km  more  carefully  in  the  future  and  determine  if  a more  optimal  prescrip- 
tion is  possible.  The  k profiles  included  in  the  Appendix  correspond  to 

zz 

these  lower  values. 

A comparison  for  CH^  is  shown  in  Fig.  23.  The  concentration  of  CH^ 
is  underpredicted  in  the  stratosphere,  which  is  probably  due  to  the  lower 
boundary  condition  which  was  set  at  1.35  ppmv  after  the  measurements  of 
Ehhalt,  et  al.  [1975].  More  recent  measurements  indicate  a level  of  1.61  ppmv 
in  the  troposphere,  which  should  increase  the  level  of  CH^  in  the  stratosphere. 


8-34 


ANDERSON  (1976) 


TABLE  III  CHEMISTRY 

y ' ■» 

• — (2  ppbv  CIOx>  . 

(daylight  average)  „ ‘ 
30°N  (15  Jan) 


OH  (mol/cm  ) 

Comparison  of  Calculated  and  Observed 
OH  Concentration 


8-36 


Fig.  20.  Comparison  of  Calculated  and  Observed  Concentration 


Comparison  of  Calculated  and  Measured  Profiles  of  NO 


Comparison  of  Calculated  N.O  Profiles  with  Measurements 
of  Schmeltekopf  et  al  (1977)  c 


O ENHALT.  at  al.  (1974)  (32°N,  Sap] 


Comparison  of  Calculated  N20  Profiles  with  Measurements 


N_0  VOLUME  MIXING  RATIO  (ppb) 


Fig.  22c.  Comparison  of  Calculated  NzO  Profiles  with  Measurements 
of  Schmeltekopf  et  al 
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Fig.  23.  Comparison  of  Calculated  and  Measured 

CH,  Profile 
4 


Since  the  CH^  distribution  is  dependent  upon  chemical  processes  as  well  as 
transport,  the  resolution  of  this  disagreement  is  not  straightforward  and  will 
be  studied  further  in  our  future  investigations,  together  with  NzO. 

These  comparisons  indicate  relative  agreement  of  the  calculated  distri- 
butions with  some  of  the  limited  data  currently  available.  In  order  to 
estimate  the  effect  of  combined  NOx  and  HOx  aircraft  emissions  using  the 
most  updated  set  of  chemical  rates  and  reactions,  including  the  effect  of 
C10x,  a perturbed  atmospheric  calculation  was  performed  using  the  NO 
injection  rates  shown  in  Table  V,  whereas  the  HzO  was  injected  at  a rate 
73.5  times  die  NO  rates.  For  this  simulation,  the  2 ppbv  CIO  calculation 
was  taken  for  this  initial  study  as  being  representative  of  the  “natural 
atmosphere"  to  which  the  atmosphere  perturbed  by  aircraft  NO  and  H,0 

X Cm 

emissions  would  be  compared. 

Figure  24  shows  the  latitudinal  distribution  of  the  resultant  change  in 
total  ozone  column  during  October,  July,  and  April  of  the  second  year  of 
simulation.  Note  that  the  peak  ozone  change  (3.  5 percent)  occurs  at  40°N  in 
October  (corresponding  to  the  latitude  for  peak  injection)  and  moves  slightly 
southward,  peaking  about  30°N  during  April.  This  transport  effect  has  been 
observed  in  previous  calculations  by  Widhopf,  et  al.  [1977].  A profile  of  the 
ozone  concentration  change  with  altitude  at  40°N  during  October  is  included 
in  Fig.  8.  The  change  in  ozone  resulting  from  the  NOx  and  HOx  aircraft 
emissions  is  positive  at  all  altitudes  throughout  the  troposphere  and  strato- 
sphere. The  major  change  has  occurred  in  the  troposphere,  but  the  new  hydro- 
peroxyl  reaction  rates  have  resulted,  as  in  the  previous  case  (Tables  Ha,  lib), 
in  a slight  production  of  ozone.  The  chemical  mechanisms  responsible  for  this 
were  discussed  previously. 

Figure  25  shows  the  resultant  temporal,  ozone  column  change  at  40°N 
latitude  for  the  two  years  of  simulation.  Also  shown  is  the  result  of  Widhopf 
and  Glatt  [1978]  for  the  NC>x  and  HOx  injection  case  using  the  chemical  reac- 
tion rate  data  from  Table  Ila.  Note  that  the  peak  ozone  maxima  and  minima 
are  approximately  equal  for  both  chemical  sets  Ila  and  III  and  occur  within  a 
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Fig.  24.  O3  Column  Change  Resulting  from  NOx  and  HOx  Emissions  from 
a Combined  Fleet  of  Subsonic  and  Supersonic  Aircraft  (Table  IV) 
Using  Chemical  Set  of  Table  III  (2  ppbv  CIO  ) 


Fig.  25.  O,  Column  Change  as  a Function  of  Time 


month  of  each  other.  This  result  may  seem  inconsistent,  since  nearly  three 
times  as  much  injection  occurred  above  15  km  in  Widhopf  and  Glatt  [1978]  and, 

in  addition.  Table  III  introduces  CIO  which  ties  up  NO  , i.e. 

x x 

CIO  + NO,  + N,— ►CIONO-,  + N,  R76 

2 Z z z 

Thus,  one  might  expect  a lower  peak  increase  in  ozone  column.  This  result 
is  found  to  be  true  in  the  stratosphere;  however,  there  is  an  additional 
increase  of  03  in  the  troposphere  due  to  the  introduction  of  the  pressure- 
dependent  reaction  rate  for  CO  + OH— ♦H  + C02>  This  increase  in  H pro- 
duces more  HO,  through  the  reaction 

H + O.,  + M— ^H02  + M R35 

which,  in  turn,  produces  more  03-  Thus,  for  this  calculation,  it  appears 
the  two  effects  tend  to  cancel  each  other  out. 

The  basic  mechanisms  for  ozone  increase  in  both  stratosphere  and 
troposphere  have  been  discussed  earlier,  except  the  inclusion  of  the  reaction 

cio  + no2  + n2— ► ciono2  + n2 

in  the  stratosphere  when  CIO  is  considered.  This  reaction  slightly  attenu- 

x 

ates  the  ozone  increase  in  the  stratosphere. 

One  important  area  of  consideration  is  the  determination  of  what  part 
of  the  ozone  change  is  due  to  HzO  injection  and  what  part  is  due  to  the  NOx 


injection.  To  answer  this  question,  a calculation  was  performed  for  a two- 
year  period  wherein  just  NOx  was  injected.  Table  VI  shows  the  resultant 
percent  changes  in  03>  0(3P),  NO,  N02>  HN03,  OH,  and  HOz  for  various 
altitudes  at  40°N  latitude  during  October  for  both  injection  cases.  Note  that 
the  maximum  ozone  percent  increase  occurs  at  10  km  where  the  peak  injection 
occurs.  For  these  injection  rates,  the  water  has  only  a slight  attenuating 


effect  on  the  ozone  increase.  In  the  troposphere,  the  injection  of  H20 
produces  OH  through  the  reaction 

H^O  + O(^D)  -♦OH  + OH  R2 

which  then  reacts  with  NC>2  to  form  nitric  acid  through 

OH  + N02  + M -►HN03  + M R12 

3 

which  is  then  rained  out.  This  loss  in  NOz  reduces  the  increase  in  0(  P); 
thus  the  ozone  increase  is  slightly  lower.  In  the  stratosphere,  the  increase 
in  OH  and  HOz  due  to  the  injection  of  HzO  lowers  the  ozone  increase  due  to 
NOx  injection,  through  the  reactions 

oh+o3  — o2  + ho2  Rio 

H°2  + °3— OH  + °2  + °2  R14 

It  must  be  pointed  out  that  the  chemical  mechanisms  described  above 
for  controlling  the  ozone  changes  correspond  to  a given  set  of  rate  constants 
and  injection  rates  for  NOx  and  HzO,  and  modification  of  these  rates  may 
lead  to  other  important  chemical  mechanisms.  Future  studies  are  desirable 
which  will  vary  the  level  of  ClOx  to  determine  the  effect  on  the  stratospheric 
ozone  perturbations.  Also,  in  all  of  these  studies  the  projected  emissions 
from  supersonic  aircraft  flying  in  the  stratosphere  are  very  small  compared 
to  the  emissions  from  subsonic  aircraft  flying  in  the  troposphere.  Thus,  the 
effects  in  the  stratosphere  are  small  compared  to  those  occurring  in  the 
troposphere.  Therefore,  different  emission  scenarios  might  weight  the  results 
differently  and  make  different  mechanisms  more  important. 

Also,  the  uncertainty  regarding  the  specification  of  transport  and 
rainout /washout  must  be  kept  in  mind,  since  the  prescription  of  these  impor- 
tant phenomena  are  still  in  an  elementary  stage  because  of  a combination  of  an 
incomplete  data  basef understanding  and  an  inability  of  economically  calculating 
• hem  from  first  principles. 
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9.  CONCLUSIONS 


The  higher  hydroperoxyl  reaction  rates  recently  measured  have  signifi- 
cantly influenced  the  predicted  distribution  of  trace  species  and  increased  the 
relative  importance  of  HO^  on  the  atmospheric  chemical  balance.  Current 
calculated  ozone  levels  are  in  reasonable  agreement  with  data  when  calcu- 
lated using  the  most  recent  reaction  rates;  however,  a number  of  additional 
important  reaction  rates  need  to  be  measured  and  are  outlined  in  the  text. 

The  distribution  of  most  other  species  in  the  troposphere  and  stratosphere 
are  in  relatively  good  agreement  with  data;  however,  stratospheric  levels  of 
HNO^  are  significantly  overpredicted  using  current  chemical  systems  and 
reaction  rates.  A very  simple  active  water  vapor  model  has  been  included 
which  seems  to  adequately  predict,  within  the  confines  of  parameterized 
models,  the  natural  seasonal  tropospheric  and  stratospheric  distribution  of 
water  vapor.  This  has  been  used  to  estimate  the  effect  of  combined  NO^ 
and  HO^  aircraft  emissions  on  ozone,  including  2 ppbv  of  CIO^  in  the 
stratosphere.  Ozone  is  seen  to  increase  in  both  the  stratosphere  and  tropo- 
sphere as  a result  of  these  emissions,  where  the  total  ozone  column  peaks  at 
approximately  3.5  percent  during  summer-fall.  The  new  higher  hydroperoxyl 
rates  play  an  important  role  in  determining  this  level.  The  major  effect  is  in 
the  troposphere  due  to  the  much  larger  estimated  subsonic  fleet.  As  a result, 
the  H^O  emissions  play  a minor  role  in  the  ozone  change,  since  they  are  a 
small  fraction  of  the  tropospheric  water  level,  whereas  the  stratospheric 
emission  levels  are  small  due  to  the  small  projected  fleet  of  supersonic 
aircraft. 
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APPENDIX 


HYDRODYNAMIC  AND  TRANSPORT  PARAMETERS 

Listed  in  this  Appendix  are  the  meridional  distributions  of  T,  k , 

k , . kjj..  v and  U for  15  October,  15  January,  15  April,  and  15  July  as 
<pz  W’ 

used  in  the  last  set  of  calculations  (corresponding  to  the  chemical  set  in 
Table  III)  described  in  this  report. 


T (IN  UNITS  OF  100.  DEGREES  KELVIN)  FOR  OCTOBER 


S 

Ui 

o 


>0  FO  N©  o 

O'  o 

FO  ^ 

O' 

rv 

co 

<0 

O' 

O 

rH 

FO 

FO 

H 

in 

O 

CO 

CO 

CO  * O 

fo  r*  *h  0 

FO  CM 

O CO 

g 

10 

FO 

FO 

o* 

CO 

O' 

O 

H 

H 

o 

CO 

g 

<0 

co 

in  l/W 

^ w rt  ^ 

CM  CM 

CM  rH 

H 

rH 

•H  rH 

H 

H 

rH 

H 

H H H H 

H 

rH 

H 

CM 

CM 

CM 

CM 

H 

CM 

in 

cm  cm  cm 

CM  CM  CM  M 

CM  CM  CM  CM  CM 

CM  CM  CM  CM 

CM 

CM 

CM 

CM  CM  CM  CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CO  FO  O' 

H H N © 

h*  CO 

rH  10 

o 

CO  O 

10  10  FO 

<6 

O' 

O' 

•O 

o 

© 

O 

fv 

O'  G O' 

^ CO  N N 

10  FO 

CM  O 

o 

o g 

CO 

O' 

O 

H 

rH 

H 

o 

O 

o 

CM 

FO 

CM 

Ifi  lt\  G 

<r  fo  fo  cm 

CM  CM 

CM  CM 

rH 

rH 

W H 

H 

rH 

H 

H 

H H H H 

rH 

H 

CM 

CM 

CM 

CM 

CM 

CM 

FO 

O' 

10 

>0 

£ 

§s 


3 ~ 


CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

<0 

CO 

in 

K 

CM 

CM 

FO 

m 

O' 

«o 

O 

<D 

rv 

CO 

in 

O 

O' 

CM 

<0 

O 

m 

FO 

CO 

G 

rH 

<0 

n* 

•0 

n* 

CO 

O 

rH 

r>. 

CM 

G 

o 

in 

O 

CO 

G 

FO 

CM 

o 

O' 

CO 

<0 

n* 

CO 

<0 

O' 

O 

O 

O 

O 

O 

FO 

G 

«0 

rH 

0 

in 

in 

G 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CM 

H 

H 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

CM 

CM 

rH 

CM 

FO 

G 

in 

>0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

FO 

rH 

FO 

>0 

<0 

m 

h- 

O' 

FO 

<0 

FO 

O 

<0 

CO 

O 

n* 

FO 

G 

CO 

rH 

G 

O 

© 

FO 

K 

H 

0 

O 

G 

O' 

CM 

O 

<0 

r-* 

m 

FO 

O' 

O' 

n* 

r- 

h* 

CO 

CO 

o 

r~ 

O' 

rH 

CJ 

rH 

0 

0 

m 

m 

G 

FO 

1*1 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

H 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

FO 

m 

G 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

« 

FO 

O' 

fo 

FO 

O 

CO 

CO 

O' 

O 

H 

CJ 

m 

O' 

O' 

in 

n* 

FO 

■O 

in 

FO 

O 

O' 

o 

r-* 

G 

*0 

FO 

CM 

n* 

in 

o 

in 

O' 

CO 

G 

FO 

H 

o 

fv 

in 

O' 

r- 

FO 

CJ 

rH 

rH 

CM 

S* 

O 

CM 

G 

r-> 

F"» 

m 

0 

0 

0 

in 

FO 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

FO 

G 

m 

*0 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

co 

<0 

rv 

G 

<0 

FO 

CO 

CO 

Fv 

G 

G 

G 

G 

in 

in 

in 

>0 

O 

CO 

CM 

'O 

CO 

»© 

O' 

rH 

CO 

>0 

O' 

© 

o 

n* 

F0 

CO 

CM 

f^. 

H 

O' 

in 

FO 

H 

O' 

O' 

ro 

CO 

G 

sT 

G 

O 

in 

CM 

in 

O 

o 

CM 

CM 

CM 

F^ 

0 

0 

m 

in 

G 

•o 

FO 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

H 

rH 

rH 

rH 

rH 

o 

O 

O 

o 

O 

rH 

rH 

CM 

FO 

'J* 

*0 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

FO 

CM 

o 

in 

CO 

CM 

O' 

r- 

G 

CM 

O 

CO 

m 

O' 

Fv 

FO 

O 

in 

O 

CO 

<■© 

CM 

CM 

r«* 

F"* 

•0 

O' 

m 

r* 

•0 

FO 

CM 

O' 

in 

o 

<0 

FO 

O 

<0 

G 

CM 

O' 

tv 

in 

CO 

FO 

CO 

in 

CJ 

O 

O 

FO 

o- 

*0 

FO 

© 

m 

G 

G 

>0 

0 

G 

in 

>T 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

o 

o 

o 

O 

o 

O 

o 

rH 

CM 

FO 

m 

G 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

co 

FO 

F0 

H 

G 

Fn 

CO 

in 

CM 

CO 

O 

FO 

O' 

in 

O' 

O' 

FO 

FO 

n* 

CM 

r*. 

O 

O 

o 

O' 

in 

CO 

O' 

G 

CM 

O 

0 

H 

in 

O 

FO 

H 

<0 

G 

>}■ 

H 

O' 

O' 

G 

O' 

G 

o 

CO 

CO 

FO 

o 

in 

CM 

m 

l'* 

CO 

<0 

>0 

>6 

m 

o 

ro 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

o 

o 

O 

o 

O' 

O' 

O 

rH 

rH 

CJ 

m 

>0 

N 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

FO 

in 

G 

CO 

O 

o 

in 

H 

in 

H 

O 

FO 

O' 

in 

CM 

r* 

CM 

O 

rH 

m 

CM 

O' 

O 

*0 

rH 

G 

r* 

O' 

o 

0 

H 

in 

O' 

m 

O' 

G 

G 

H 

O' 

G 

G 

O' 

O' 

O 

CO 

CM 

O 

in 

O 

>0 

co 

O' 

<0 

0 

G 

in 

* 

'O 

G 

FO 

FO 

FO 

FO 

CM 

<M 

CM 

CM 

rH 

H 

rH 

rH 

o 

o 

o 

O 

O' 

O' 

O 

rH 

rH 

CM 

FO 

m 

G 

1^ 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

10 

N 

FO 

in 

H 

FO 

G 

CM 

CO 

FO 

FO 

O' 

m 

CM 

O' 

rv 

'O 

FO 

O 

>o 

O 

rH 

CM 

O 

FO 

«0 

O 

G 

CM 

rs. 

CO 

O' 

CO 

rH 

O 

c0 

m 

O 

in 

o 

FO 

H 

CO 

G 

FO 

H 

<0 

G 

O' 

rv 

in 

FO 

O 

CO 

in 

rH 

CO 

CO 

CM 

O' 

G 

O' 

CM 

in 

F'* 

00 

CO 

n- 

0 

0 

0 

m 

'O 

FO 

FO 

FO 

ro 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

o 

o 

O 

o 

O' 

O 

o 

rH 

CM 

m 

>0 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cm 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

n* 

FO 

pH 

in 

<0 

o 

G 

FO 

O 

co 

* 

in 

G 

K 

CO 

O' 

O 

O' 

in 

CO 

>o 

CO 

CO 

FO 

<0 

<6 

© 

FO 

rv 

in 

>0 

K 

O' 

>0 

O' 

>* 

co 

CM 

O 

CO 

in 

FO 

r-i 

CO 

vj- 

o 

<0 

CM 

o 

G 

rH 

rH 

m 

o 

<o 

FO 

o 

0 

0 

in 

in 

G 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

*H 

rH 

rH 

rH 

rH 

o 

O 

o 

o 

o 

rH 

rH 

CM 

FO 

m 

G 

I'* 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

o 

N 

CO 

O' 

G 

o 

rv 

m 

FO 

*H 

O 

o 

O 

G 

n* 

<6 

m 

co 

O' 

FO 

FO 

G 

G 

FO 

>0 

r 

G 

O' 

*0 

K 

FO 

O 

CO 

F^ 

FO 

<0 

CM 

O' 

in 

FO 

H 

O' 

K 

in 

FO 

O 

in 

ro 

rH 

O 

O' 

O' 

rH 

>* 

rH 

>0 

O' 

rH 

rH 

0 

0 

0 

in 

in 

'O 

G 

FO 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

o 

O 

rH 

rH 

rH 

CM 

FO 

•n 

F*» 

CO 

O' 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

FO 

O 

0 

e 

G 

rH 

O 

o 

O' 

G 

CO 

CO 

F". 

n* 

r** 

O' 

FO 

CO 

CM 

CM 

N 

o 

m 

m 

r* 

K 

CO 

CM 

rH 

r* 

CM 

FO 

<0 

n* 

C0 

CM 

n* 

CM 

o 

in 

FO 

H 

O' 

n* 

m 

FO 

CM 

O' 

CO 

in 

m 

m 

G 

n* 

CO 

O' 

o 

Cj 

rH 

m 

0 

<6 

G 

in 

m 

0 

G 

G 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

CM 

CM 

O' 

m 

G 

F^ 

<0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

fo 

«fr 

* 

CM 

O 

O 

CO 

CO 

f*. 

n* 

G 

in 

CM 

CM 

in 

rH 

O' 

O 

in 

CM 

CM 

G 

m 

in 

N 

CO 

in 

CM 

*o 

O' 

m 

CM 

co 

<0 

FO 

CO 

CM 

o 

<0 

G 

G 

CM 

o 

<0 

O' 

O' 

CO 

CO 

CO 

C0 

CO 

CO 

CO 

<0 

«o 

CO 

m 

'C 

0 

0 

m 

Ifl 

* 

G 

FO 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

<0 

F^ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Cm 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

0 

0 

G 

G 

N 

O' 

r* 

in 

FO 

r-i 

O 

G 

m 

m 

<0 

FO 

CM 

<r 

O 

G 

CM 

C- 

O' 

K 

O' 

CM 

O 

in 

€0 

m 

Fv 

CM 

«0 

o* 

o 

h' 

in 

o 

O' 

r- 

in 

FO 

o 

<0 

G 

G 

CM 

O 

O' 

O' 

CO 

CO 

r>- 

<0 

m 

'J’ 

FO 

FO 

G 

in 

N 

O 

CO 

0 

r* 

G 

G 

m 

G 

G 

Kl 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CM 

H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

G 

G 

•0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

in 

in 

rH 

N 

n 

* 

FO 

«0 

FO 

<0 

FO 

O' 

•6 

CM 

O 

«0 

e 

m 

FO 

CO 

o 

o 

in 

«0 

rH 

* 

£ 

O 

O 

o 

O 

CM 

rH 

CM 

FO 

CM 

m 

CO 

m 

CM 

O 

rv 

in 

CM 

O 

<0 

G 

FO 

CM 

O 

O' 

<0 

G 

G 

FO 

rH 

O 

CO 

N 

CO 

N 

FO 

CM 

N 

h* 

FH 

G 

in 

m 

G 

* 

G 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

o 

e 

o 

rH 

CM 

0 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

Ifl 

O 

Ifl 

o 

FO 

CM 

** 

G 

CO 

H 

<0 

FO 

O 

r* 

CO 

CM 

<0 

CO 

N 

<6 

't 

O 

CM 

r* 

CM 

O 

in 

K 

rH 

m 

O* 

CO 

<0 

o 

in 

<0 

o 

FO 

G 

FO 

o 

in 

CM 

O' 

r*. 

G 

CM 

O 

O' 

«o 

m 

>* 

FO 

CJ 

rH 

O' 

m 

rH 

£ 

FH 

rv 

n* 

G 

G 

m 

G 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

o 

o 

o 

O 

o 

rH 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

e 

Ifl 

e 

Ifl 

O 

in 

e 

o 

e 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

e 

O 

e 

e 

e 

O 

o 

O 

O 

O 

e 

© 

O 

O 

e 

O 

e 

o 

n* 

ifl 

CM 

o 

m 

FO 

CM 

H 

o 

o 

<0 

r* 

G 

in 

FO 

CM 

rH 

o 

o 

CO 

r* 

G 

m 

* 

FO 

CM 

o 

CO 

<6 

G 

CM 

o 

in 

0 

G 

G 

G 

w 

FO 

FO 

FO 

FO 

FO 

FO 

CM 

CM 

CM 

CM 

CM 

CJ 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

A-2 


MS'2  299 


KZZ  (IN  UNITS  OF  .00001  KHSQ/SECI  FOR  OCTOBER 


<NOK>N^^HN<JN»Mfl^NHa«NN'fl(0^HWWWWlfl<0O-0^fgO 

fr^HC^^MMNCgNHHHHHHOOOOOOOHHHHHOOHHWMfl 

H H H ^ 

h4NHK)<OHKt»»NN«NeiAH»(0^eMO(OlA^MA^O»«lAO  ■ © 
^NOrtW^iAHN^cg^Mfl^NH^C^N'OC^HWNNN^jHN^.i- 
P,«jH<0'OtfKUONWNHrtHHHHOOOOOOOHHHHrtOOHHrOMfl 


N«NHKH0HKt»(M^N<6Nek/IH»(0»OK)O(0lA^MA^HaK)<0<6tf|O 

.0f^oH>rj^)»ftF-4f^'»cvj^f^»A>»csjF^0‘®f^K^>«a‘f-«c\jMMcsirjcsi»nK<0iAO 

Ch^H«<«'#WrtWNOHHHHHHOOOOOOOHHHHHHHHN-J(Otf\ 


€)F^'0'^RH©o©cvj'^r^iHin©^)<gcomcvj©co^iftirt'»'^'0^<c©<^i^M'»«o*> 

0©©»H»OCJ^©r^^U^Vn«^^K)rOCVJCJCaCU*H^»-»iHr-«»HrHrHr^C\JfHC\J>J,»0  f»  M 
Ift  K>  N ftJ  H H •“* 

9>NH4N<6MAN^<t<0<tH>^NK)^NNN(MnN<0NON(ANO(0HC0<l)O 

^><vjcj^©iH©^©r^^«H^f^inr^rjoO‘©r^^a*cj>yr,*'»o^K»cvjKr^ro^in© 

H^N^^IftMrtrtWWWHHHHHHOOOOOHHHHHHHWrtlflNOUl 


oo«<o^iA«oN^o^aiflH(OiflNOO-otf^uj[nwfi^oo^^irj;oo 

^K^*TCOFO©h>*rv^)i/^LA^K>r^K><\JCgCsJ<Sir-4r-4»HrOmr^a*COCO«0^-st,CJ'OtOK>0 

^K>CMp^»-«i-l©©©000©00000©0000©©0000©FHWK>U>0\n 


4K(0  4»N(OUI(MO(0<O^NH 
fHiHOOOOOOOOOOOOO 


0<MON^«filfl«tK>HOOOOa-NN^rO^O 

HeOOOOOHNI*1>}lA<ON(0<tN,6Q^O 

OOOOOOOOOOOOOOOHMKUft(Mfl 


N»<>©lft'«<MW«lftN©(0'0'tWHO^C0N-««0»NW«0^©H»Na©lfte  ■> 
O NWOMn'JrtWWWNHrtHHHHOOOOOOHHHHNNNtflOHOS  ■> 

H MpHr40000000000000000000000©00000'HCNi'7r*«k.| 

H 

♦ M^OIft-fiN<0WON-tH^MArtNH^(0®0‘HN'tCgCh^«lftN^f**0© 
O K»SrtOM/l't«MMNNNHHHHHHOOO©HHrtNNn-|«)l(|>ONjO 

csj^mmooo©o©oooooooo©oooo©oooooo©fhcj^©u> 


N©lflHCO'0't’TWWrtNNCVINHHHHHHOHHNNrtM^ma>0<0^^0 

NNHHOOOOOOOOOOOOOOOOOOOOOOOOOOOHN^Clfl 


OlAH<0<O<tKIK)N(gNNHHH 

CSJiHrHOOOOOOOOOOOO 


.(NOHONNNtt^MAWH^^HOHNO 

HrlHOOOOfJMl/l'O'O'O’OSNO'J'OHO 

OOOOOOOOOOOOOOOHNK)U\(MA 


^^OMMAN^O^NHHN<tNH<OH<ON^^© 
© ONHflXOH^^NHOfrCONiOlAtfl-J'tWWNfH 
Kl/|rtWNHHHHrtOOOOOOOO®©OOH 


O^MflNOtflH^OHO 

HHHHHOHNWIftfrlft 


WrtlANNWOONaNa-^^O'lA^lflCOrtOCONN'OWNrtrtWaiJ^®®© 

COHK)ONrtlfl^rt««JON^HaMAK»WHCrHK)lflNNN^NJjypO^O 


O O K>  K>  <vj 
tO  €0  • O csj 
N N Ntr  N 


W«0Nrt«0N^'»NM^<M/»WHHNW^IftN5ON^^HI/lWao 

^©«O<\J®l/lCJ©<O<0'^CvJr-«OC><Or''*CO^©iHK>m«OCOK>»H£«©^O 

W'frlrtNNNNrtHHHrtHOOOOOHHHHHHHNKIIflUfl 


SSlA(0?«)«N«HM^M?IO(D«^HO9>(0(0<0ON««©HNNOO 

w5®PI©r^i<jMj4r4rrowr>icNjM<»i>«^^«Hi-4F^©©©©MM#^^^»HW^coiij 

WNHHH  ** 

SJSSoNlXlfl^KIrtNWWWHHHHHHOOOOHHHHHHN^Mft 


©«oifl(0'J«oeON^*4Nwa>owo(0'0>tWHO 


MN^NONlAMAmCeMAO 

O^C(OCON^«OHN<tHO 

HOOOOHHHHHHHKIN'H 


W NHHH 


KFZ  (IN  UNITS  OF  .001  KHSQ/SEC)  FOR  OCTOBER 


© 

>o 


© 

© 


s 


K)MH«H<0OHNNt0^NHO(0N^H(0l0N<6O«ll/)KW(JHHOO-t(9HO 

i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iiii 

^ . OOWHHNvJl/lNCOWfJ^'OrONOKI^aHKIlrthjacOCT'OOO^OOfO 

<0  * * m>o<oooooooooa‘C^a'ooo^>oir»a«<\jinor^inrocjoocooofj 

^frHHHOOOOOOOOOO'aaO'aO'Cr'VO'OOHN-J^ttHHONHCO 

| | HHHHHHHHHHHH  I I I I I I I I I HHHHHHH  IfHI 

I I I I I I I I I I I I I I I I I I I I 

c\jCNjco«^ocsj«y^)coocM^o<ocsJCONjin>r^*<0^cjsf^^Lr(^in>ooo<ir)K^ro»© 

HHHWW^WrOrt^«t^<rM^fgNHO^(ONN^O^IO*J<OCJOOW-OlAN 

»OKIiniftl/1>JK»WnKlK»rtfOfOrOrOMKtfOM(JW^W^^NU-H^HHOWH^I 

H H H H H H H H H M pH  rN  H H Vi  HHHHHHHHHHHNN  H W H 

I I I I I I I I I I I I I I • I I I I I I t I I I I I I I I III 

WN<0'JON^tO(OOW«tO^N(0>JI/l>ON<00‘W<rN(M/l<Ji/l>OOOOKlrJlfl 
KW  » U.  lftW^rtrtrOMrtWWK»I^K»K)K»WNNNrOKIifvfN01H^HHHlACr-fl 
HHHHHHHHHHHHHHHrtHHHHHrtHHHHHHCJN  I H H 

i i i i : i i i i i i i i i i i i i i i i • i i • • • i i ii 

O O <0  *-l  Si  ^N«6^Kl^^O«0WNK)^«tOPJ't'0<0ON>J«6OOOaiflK» 
tfHftKtNO^WNWNCjNW<0<fCrirtO«0HN»0«r)(rwet0^awOOO(0(0O 
K»K>U1^^-F0r0cj<NJ^Hr-tOOCra'C0.<0tf’h>-h>>0«0<0OK»^^r0Cvj<Jr-<r^^or^a> 

HHHHHHHHilHHHH  I I I I I I l.l  I I *H  *H  r-4  iH  rH  r-t  »-«  I I 

I I I I I I I I I I I I I I I I I I I I 

Cg(y|iflNOWNtn^cgHO‘OHWMM<fl/>>flNN^ON^^HHMOOOON^ 

I*  I*  I I I I I I I I I I I I I I I I I I I I I I I I I I I I II 

^tr-<^-ir^ro»-itor^»o>oifi<fi^«or^coa'OOr-icsjFOocoirtr^<\jo^>oooooco«H 
CJCVICJrH^1*-FOOOOOOOOOOOOr-(r-«rHi-»^OOrvcjr^rHl/,IOOOOa*KI 
OOOOOOOOOOOOOOOOOOOOOO*— ICJK>K>K>CvJCJ*-I*— « *H  r-l  »~1  © O 

r r i i*  i*  i*  i*  i*  i*  i*  ill  i I*  r i i i • i i • i i • • i i 

i/Ur.1»Mfl'tfOrOWWKirOK<rOfO^,t^<f«J^^NO'ONKINrtO<0>ONO^^ 

o o : o t oooooooooooooooooKir^csi^co^tfioesiAino'r^O' 

O O C OeOOOOOOOOOOOOOOOOOOOrHr-«OOOrHOOOOOO 

I I I I I I 

o <0  K)  a -o  OK(rO»0^«J^<OOW^^(OOH»OflNIOOHOWNlfl^>Jf4  0N 

oooooooooooooooooooooooooooooooooooo 

I I I I I I I I 

mNH<tNOK>^IAN(0^H<t«(0H^lAOON^4CF44i|f)OOOOC<6ON 

p^<voa-co<or^rvr^r^r^r^ao<o<o<oaaaaoo>ffi0^i^»o<r^'ioor^^oco 

OOHOOOOOOOOOOOOOOOOOHHHHMNHOOOHHOOHO 

I I I I I I I I 

lfllfl*0e0Hfl)^^vf^^^^MrONrttfl"0«O«^^N^Ol0rtOOOOOW 

OOOOOOOOOOOOOOOOOOOOOOW^Ifl'O'JNOOHHHHHO 

I I I I I I 

|ftlflNaN-fl-J(OHlfl«NHOa(ON^«A-|WNOKMONC^OOOOOOMIft 

|fllftNN(OWNWMK>K»^lfl-O^N«»OHN|«MIIH(C.r^OOOOOO(0^ 

WrOWMWNMWNWNWMWNNNNWl'II'U'I^O'Jai^inN^HHHHlON 

•*  **  94  I I I I I I 

^^NO»OHHO(MO(0>tHN<tHN<tON^«l/)<O^^HO«OOOOK)» 

r^r-iOrHKio-0r0o«0^ouDs0r<>»-«^«0<tf^^^^^^>0o>yc0*-ioooo^-ic0 

O'^^OOHHHHOOOaa^^CCOClONN^HWlANC^HHHHHNH 

HHHHHHHHH  HHHHHHWI  I I IHH 

«OlAMOr^©COCMl^«0*H^O^MK»0»/>«OCOO^^N-0^«tNOaaOOF-1Mlft 

^m«ooK>ior^a>orHro»7»Hr'<for^oin*t*yK>oKmifttf>o«oK»<voo»oor-« 

NQ9OOOOOHHHHHOOOIM^^(r^9OOHNlA0kN<0OHH9ON 

HHHHHHHrlHHHHH  HHHHHHNN  I I I N H 

CW(O^ONrONN^OtfNOrt<6«MON-flifl'tlAN<OiflO-eKUftOOaHN 

OW^M'i^'ON^ON^a^WCO^WNHOaNlftWlft^^NN'OOO^O'^ 

(OaOOHHHrlHNWNHHHOOOOOOaOHNM^O-JCKIHHHO^ 

HHHrHHHHHHHHHHHHHHHH  HHHHHNNN  I I H N H 

^W(haO4)WK»^sflfl«0(0ONlftN<0OWvflfl-DM0W^OO«^N'6$O^ 

ocrh'0^uir»coChoHfvj^K^H(or^f^’^u,i'To>p^i^>^K>f^H«o>o^fni^^i 

^^M0<0«0<0C(0a-0‘0,C<0<0<0NNSNNNe«^ONIft<0HOOOinO(D 

H H H H W I I H 

^)O'tU),fl^l0l0^^OO^<0Nlftvy<fK'WK'CyJtfl<0O»y«JNOW«0O'0^O'J 

WWKI»OtOfOWK1fOlO»ytfWW^^r>Klr^»'t»OK)rtM<J’^lA*OCOOHO'J>0<t 

II 

oi«ou>ou>oooooooooooooooooooooooooooooo 

ONlAWOMfl^KlwHOO'lJN'fllli'JrtWHOMN-OIAilKlNOO'fl^NO 

lA^^^^WWWIOlOWrtNWWNWNNWNNHHHF'IHHHHH 


A-4 


O^N.fi^CWON^HO'<ONN^I/lUl^^»ONCgNHHrO«J«oN^(OHKHO 
O^^^^rtWWftMgftJHHHHHHHHHHHHHHHHrtHHNWNH  O 

Ol/IHOOlftrtNN<0Wfl)rt(0rt<0M(0'f<0rta<0rtHNON'Jrt«0^HNWO 

OaMftM«OMftWONN^^tfl«1^<rK»KlNWMNft)^tf|NaNC0HW«O 

0^^«t^MrtWNWWHHHHHHrtHHHrtHrtHHHHHHNNftlH  O 

Ol/MO(O^^OlflHM(MO^NfJ^Htfl^>trtWHO<Ol/liaoWlflOl/>NWWO 

O^WKI^^lrt^^KlWrjlANOfJlDN^N'jN'O^^^tJ^^fgK'HOin'JO 

O^^O^CM/l<TKlfJHOOOHHHHHfjfJWMft)fJW^)ff‘fJ^^l/l>yWOO 

OKIKIK'NHHHHHHHrlHHHHHrlrtHHHHrtHHHWWKtfONHHO 

ON-dKIOM0MNNHHrlOOOOCMrCM0©^OHrt<0^^lAK>a^H)OO 


OWWWWHHHHHHHHHHHH 


a 

uj 

I 

8 

8 


e 

■* 


O^HN»0NH(0^O'0W«t't'Jl/llfl>0'C'0'0fvW'J^NW>tlftOOWHHWO 

O'f<J-00)M<0NNN^'0O^<0W^O'JC0W-f)fJ(0^t0'fO«0(J'Or0WO^O 

ONOlftO(Oin^WNHOOacO«NN'flWin<r'ONO'HNrt(0«t^oa'NNO 


WWHHHHHHHH 


H H W W M I 


ONWNO‘S<r>J^K»NN<'JNCgNWW<\jNNW^inN^^h.Hir»fJ^)ONlftO 
o H H H H H W fj  W H H O 

ONI^rsN>OHO^<ON^sN<0<>^OOH(\JfO>JWHOOf^fO^O(>ifl^)rv<00 

O<0fHC0*0g)^mcgOC0--0n.C0O'©CgMymgDf’'*r'-‘e^f''*0‘0'OOfHC0cjg>,yr'^O 

O^(0lflKlNHr1HHOOOOOr4HHriHHHWKt-|l/lf'O('J>JON>J|0NO 


A 

<0 

o* 

o 

o 

eg 

* 

>o 

<0 

O' 

fH 

K»  in 

O' 

o 

i n 

o 

in  m in  fn 

^ H H Kl 

* 0 

eg  o 

o <t 

O' 

•H 

o 

O' 

CO 

o 

H 

eg 

in 

o N CO  O 

in 

fH 

-o  eg 

O' 

*0  M rH  y 

* 

y o <o  o 

UJ 

O Itt 

y 

ro  eg 

H 

H 

fH 

H 

© 

o 

O 

fH 

fH 

fH 

fH 

fH 

fH 

fH 

fH 

eg 

eg 

ro  y 

y 

in 

>©  rw  m 

eg  eg 

fH  O 

U J 

S 

© 

' 

’ 

’ 

* 

* 

o 

UJ 

O CO 

vO 

<0  O' 

0 n r* 

o 

* «0  © 

K> 

g? 

C0 

fH 

'* 

s 

CO 

fH  ro  O' 

I/I  HON<| 

<6  (0  N 

o 

fH  in  m o 

o 

o «h  a* 

O fH 

O 

O 

a 

a 

«0 

CO 

<0  <0 

<0 

O' 

O' 

O' 

o 

o 

O' 

in 

fH 

m 

o 

co  y 

y o 

o >o  <f 

y m 

eg 

eg 

eg 

H 

fH 

H 

fH 

H 

fH 

fH 

rH 

fH 

fH 

fH 

*H 

eg 

eg 

eg  eg  m ro 

y 

m m «o  y 

rl  H H 

•H  O 

UJ 

o 

o 

• 

• 

• 

• 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* * * 

© 

OOlrtf^HO^CJ^OvtN-OOl/,>'y^>(MHOC>CO^(0^<0'fi«JNO'K1HNrOlflO 

otO'TH<ooHrHooato<ocococococococor^r't^'0'Oinir»ir»if>vTiftor'^)oo 

0<Or''fi^^KinWfOWfJ(M<MCJWCNJ(SiMMNNrO>J»A^f'<OaO(0'0»/>CSICNjO 


u. 

u. 

u 


r 

* 


OOHNN^OBJNlO^NWNM^^'f't't't'tCWNNrt^lflOHrtHOHO 
oN-otoonwnfjHoaaaac  ^a'trocr'ff.roifl-f(DHinao-o-oo>oo 
OO<0'0lrt^«M^K»WWNWNWNNWNNW>J'iN0'N^a-wa)f^lftl0O 

o H rH  rH  Cg  rH  r*  O 

O®'«tH(0-JOftJlftNONM^lrt'0<0^OHNK)K»rtMN^^rtH<0NOCffO 

OHH(0^r0NHO»a‘C0(0(0(0(0(0(0&^C'0'N(rM0(n(0(D(0(0NO0'HNO 

O«rt(0'0lfl'J'J^rtrtK»»0«MK)WrtWKH0(0^«0OKt(MflHS«JlftlflHNO 

H H HrlHNfOWMNHH  O 

O'0OHNlT^0‘OHNf0lflS^Hf0>0(0O^^WftJH^H«0WSNWH©(0O 

0'tMWfj>j'X>5‘i^'0^wco>7or'^0'tfif'j<0'jnocO'?ifltf("0^<>oosfjo 

OO<0^)'^K'fJHrtO(?^C0<0C0>fs^'0^^l^f'^'C3K>^U1HSlflO>X)^IHO 

HHHNIOW^^CMHHO 


OftJHHHHHHrtH 


<0  I/I  tA  O 

~ in  «■*  o 


©0'MiHO'iHm»He0«0m©egmyinr^<00'OC«JmrHfH«©»n£*COrH*y.0*0in 

O©OOrtlfl»fl<'jNW^tflN^HKIlAN(>tJ'J><ltfMftilfH<0lflrtONC0^l/| 

O0-MflNO«<0NN'0'0W'J^^WHOOa©^OHrtNNNNN«HO 

©CgCgcgcgegiHfHiHfHiHfHfHfHfHfHfHrHfHfH 

O^WNHMMAHSNCO^NH^cO^ift'tWH^N^Cyi^^^^UWOrt^^N 

OHN(DONk/|N(0OHKlH(h^^NO(0'0^HNrl(M0N4O^(0lANH(0 

OWWNNNHHrtHHHHHrtHHrtHHHHHHHrtHNNNrt-JNHH 

0<OWHHf'll/|COrt^NOrlNKl>tlrt^N«DOr(r'>fOa|/)N«Ol/IOOO»'IN 

©Mh*ngr*.yr-4©©^COeOOi©iHe'grn,ymg)fl''‘0'CO«)eOfs*cO^^©»H>y*OHJO‘ 


st  rH  o O 
okimnhhhhh 


O^O^HNWOOl/IKI 

©oeor*r*»*n»yNO'roin 

O(0O«t<0l/INHOO^ 

OWKINHHHHHH 


IHHHHHHHHHHHNfOrtNH 


s 


N ^ O 


N^lANaONmi/ISmeo^lAKlNOOlA' 

t0®(0c0i0^0'0'0'a<0Nui«0N(0aoa-M  , _ 

0'OfHcgmyin<cr's<or'*>nin>»'y>yyincgino'<sjco© 

hhhhhhhhhhhhhhhhhwnhh 


OlftOlAOUJOOOOOOOOOOOOOOOOOOOOOOOOOOOOOt 

ONlrtNONlft'JWNHO^<ON'fllft'tKI('JHO^<DN<Otfl'jrOWO<0«6’tNi 


A - 5 


4 


j 


000 


^^r'NN«6KIK'fViCJHNOfOnOHHir>/>^OH(0>£ 

O ON'JKtNK>OW(0'00ir/Una^<0^O-t'0H-Jtf>CMni/»in(0<0HOHHOH 

CO  HWHOOrtHHOOOOOOHCylMMlOWWWCgtOlflWtgiflKlHOOOOO 


till 

CO  O'  © <0  © 

© A-  O 

© 

© 

A* 

O' 

O' 

© 

© 

O' 

© 

© 

© 

't 

Kl  CJ 

© © CJ 

1 

O 

1 1 

© © 

1 1 

© © 

1 

r © 

1 

<0 

1 

o 

1 

o 

cj  h a-  eg  in 

<0  © cj 

Kl 

CJ 

© 

CJ 

A* 

Kl 

pH 

Kl 

© 

O' 

© 

CJ 

O O'  «o 

Kl 

O sT 

© CJ 

t.  «. 

o 

o 

A* 

H •?  W H O 

1 1 1 1 1 

O CJ  CJ 

1 1 1 

CJ 

CJ 

1 

pH 

1 

pH 

1 

O 

1 

o 

1 

o 

o 

o 

o 

© 

o 

© 

rH 

pH 

pH  CJ  CJ 

O 

1 

CJ  rH 

1 1 

o o 

1 1 

o o 

i 

o 

0 

1 

© 

W 1/1  o ^ a 

CJ  © CO  CJ  © 

* 

CJ 

O' 

© 

Kl 

CJ 

© 

© 

O' 

«$• 

CJ 

A* 

© 

Kl  O'  © 

© CJ  o 

A* 

pH  O' 

O' 

•y 

© 

o 

© ^ © CJ  tM 

c0  Kl  Kl 

C\J 

O' 

O' 

Kl 

O' 

•O 

pH 

rH 

© 

CJ 

pH 

pH 

CJ 

Kl 

© -O  O 

O' 

© © 

O'  <r 

CJ  sf 

<r 

CJ 

o 

© 

rH  & © CJ  CJ 

1 1 1 1 1 

Cj  Kl  Kl 

1 1 1 

Kl 

CJ 

1 

CJ 

1 

rH 

1 

rH 

1 

O 

1 

O 

0 

1 

O 

• 

o 

o 

O 

O 

O 

O 

O pH  pH 

o 

Cj  CJ 

1 1 

rH  pH 

1 1 

pH  O 

i : 

o 

pH 

PH 

X 

h- 

© O © © O' 

Kl  Kl 

o 

pH 

O 

vf 

O' 

Kl 

A* 

A* 

O' 

CJ 

© 

O'  © Kl 

c . 

© © 

o © 

CJ  © 

© 

© 

© 

a 

o 

© H CJ  *0  CO 

A*  rH  CO 

© 

LA 

Kl 

pH 

CO 

© 

o 

Kl 

© 

A*- 

© 

© 

CJ 

pH 

o 

O Kl  Kl 

V J 

© © 

pH  CJ 

A 

to 

o 

o 

o 

2 

in 

H v?  K1  fj 

r i i ii 

CJ  CJ  pH 

1 1 1 

PH 

1 

pH 

1 

pH 

1 

pH 

1 

© 

1 

0 

1 

o 

o 

© 

O 

© 

O 

o 

O 

o 

1 

o o o 

1 

CJ 

1 

© © 

1 1 

© CJ 

1 1 

pi  © 

1 I 

o 

CJ 

CJ 

© A>  © CJ  CJ 

a.  © 

CJ 

o- 

LA  CJ 

& 

Kl 

© 

O' 

© 

© 

© 

O' 

A* 

© 

pH  O A* 

© © CJ  © © 

CJ 

© 

O' 

© 

vO  CO  H CO 

cj  -o  <r 

Kl 

CJ 

CJ 

CJ 

pH 

© 

© 

O' 

pH 

pH 

Kl 

pH 

o 

O Kl  Kl 

© 

© © 

•O  CJ 

<0  PH 

© 

© 

»H  © CJ  CJ  rH 

1 1 1 1 1 

pH  O O 

1 1 1 

© 

1 

0 

1 

o 

» 

0 

1 

o 

O 

o 

o 

o 

pH 

pH 

o 

o 

O 

© 

• 

O © © 

o 

1 

pH  pH 

1 1 

pH  pH 

1 1 

o o 

1 1 

o 

o 

pH 

A*  Kl  O'  CJ  © 

LA  Kl  CJ 

CJ 

Kl 

A* 

o 

O' 

© 

© 

A* 

pH 

© 

© 

© 

A* 

Kl 

© 

© CJ  o 

« 

© <t 

© © 

o © 

CO 

© 

© 

o 

l/|  O H H A 

1'  A 

LA 

CJ 

pH 

O 

Kl 

A» 

© 

pH 

pH 

O 

© 

Kl 

CJ 

pH 

vT  © © 

-o 

O © 

© © 

A'  vT 

CJ 

© 

© © CJ  pH  O 

1 1 1 1 1 

© o o 

1 1 1 

O 

1 

0 

1 

0 

1 

O 

1 

O 

O 

O 

pH 

pH 

pH 

pH 

© 

© 

o 

o 

© rH  CJ 

CJ 

CJ  pH 

pH  pH 

o c* 

o 

rH 

1 

0 

1 

^ fO  H N CO 

O'  Kl  sj 

© 

CJ 

© 

© 

© 

© 

Kl 

CJ 

Kl 

>* 

pH 

CJ 

© pH  rH 

pH  © 

pH  CJ 

© A~ 

O' 

CJ 

© 

r<\  <T  CO  >0  r-4 

O-O-O' 

CO  A» 

CJ 

o 

Kl 

A* 

O 

© 

© 

O' 

© 

© 

A*  C* 

& 

© A* 

© A* 

O'  © 

o 

CJ 

O CJ  rH  O O 

till 

© o o 

1 1 1 

O 

1 

© 

1 

o 

1 

© 

o 

O 

O 

pH 

PH 

pH 

O 

o 

O 

o 

o 

H Kl  ^ 

Kl 

CJ  pH 

rH  pH 

O O 

o 

1 

CJ 

CJ 

1 

CO  N H >t  lA 

O-  CJ  Kl 

A* 

© 

O' 

rv 

O' 

O' 

© 

Kl 

<t 

Kl 

a»  cj  ki 

© O 

© pH 

A* 

© 

© 

© 

o 

CJ  UI  pH  CO  pH 

O LA  A* 

C0 

O' 

© 

Kl 

O 

Kl 

© 

© 

© 

A* 

© 

A. 

pH 

© O'  O' 

pH 

O CJ 

© pH 

•O  C 

o 

K. 

o 

Ui 

UI 

a 

H 

O CJ  CJ  O O 

1 1 1 

O © © 

1 1 

0 

1 

© 

1 

o 

i 

0 

1 

O 

1 

0 

1 

O 

O 

o 

o 

o 

O 

O 

O 

pH 

CJ  Kl  CJ 

O 

CJ  CJ 

1 1 

pH  O 

1 

o o 

o 

1 

1 

J 

1 

10 

Ui 

o 

pH  © © -O  © 

CJ  O'  -O 

O' 

o 

LA 

O' 

Kl 

O' 

O' 

o 

A* 

© 

Kl 

Kl 

CJ 

O'  O © 

© pH  pH 

© CJ 

© <0 

<0 

o 

© 

N © CJ 

IA 

<0 

CO 

© 

Kl 

o 

pH 

CJ 

CJ 

Kl 

CJ 

CJ 

Kl 

© 

rH  O CJ 

O' 

A*  CJ 

O © 

© o 

Ui 

OlONOO 

1 I 1 

© © © 

1 

O 

1 

0 

1 

0 

1 

0 

1 

0 

1 

O 

1 

0 

1 

O 

o 

o 

O 

o 

O 

O 

O 

pH  pH  rH 

1 

1 

A»  © 

J 1 

A*  Kl 

1 1 

rH  O 

1 

pH 

© 

CJ 

§ 

^ W CJ  N H 

© © © 

>0 

O' 

Kl 

Kl 

© 

CJ 

© 

Kl 

© 

© 

© 

o 

© O © 

o 

© © 

a*  ki 

cj  <0 

CJ 

© 

© 

A- 

pH  O CJ  O'  CO 

C J LA  O 

CO 

pH 

O' 

© 

CJ 

<J 

rH 

o 

pH 

CJ 

CJ 

** 

© © pH 

CJ 

© © 

© © 

rH  O 

pH 

A* 

< 

H 

O <T  © O O 

pH  © O 

O 

© 

pH 

rH 

rH 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

pH  CJ  © 

© 

o o 

o*  © 

CJ  O 

CJ 

© 

© 

1 1 1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

s 

! 

1 

• 

1 

1 1 1 

1 

pH  pH 

1 1 

1 1 

1 1 

A-  IA  pH  >0  rH 

IA  IA  H 

pH 

LA 

O' 

© 

O' 

o 

© 

o 

© 

CJ 

CJ 

A- 

rH 

CJ 

A'  © © 

O' 

CJ  O 

© © 

© >o 

O' 

O' 

O' 

<OOlA 

pH 

© 

o- 

o 

O' 

© 

© 

'T 

Kl 

CJ 

CJ 

CJ 

CJ  © 

© 

-t  A» 

© © 

<T  <t 

o 

© 

© 

N 

© «*  © rH  © 

pH  pH  O 

O 

1 

0 

1 

© 

pH 

pH 

rH 

1 

0 

1 

0 

1 

o 

0 

1 

0 

1 

O 

1 

0 

1 

o 

t 

0 

1 

O pH  CJ 

1 1 1 

1 

© 'f 

1 1 

© CJ 

1 1 

pH  O 

1 1 

pH 

CJ 

CJ  <0  cj  iA  CJ 

pH 

Kl 

A» 

© 

© 

<0 

© 

O' 

A* 

© 

pH  <0 

© © 

A* 

CJ  © o 

o 

o © 

© 

O'  O' 

O' 

CO 

CJ 

O 

n O'  <r 

pH 

LA 

A- 

CO 

tn 

© 

A* 

© 

© 

>T 

pH 

pH 

CJ 

Kl 

© 

pH  © © 

© 

O pH 

CJ  © 

>?■  o- 

rH 

© 

o # Kl  © pH 

pH  O O 

0 

1 

O 

1 

O 

1 

O 

0 

1 

0 

1 

0 

1 

o 

1 

0 

1 

0 

1 

0 

1 

O 

o 

O 

O 

pH  PH  pH 

o 

O O 

1 

© © 

1 1 

0 o 

1 1 

0 

1 

© 

1AO‘NNOCOKIO 

© 

CJ 

A* 

© 

Kl 

Kl 

o 

Kl  CJ  ^ 

r* 

r* 

pH  pH  Kl  © N 

© A* 

CJ  © © CJ  © 

© 

o 

•O  rO  iA  N lA 

•O  CO  -t 

CJ 

pH 

O 

O 

© 

O 

pH 

rH 

pH 

o 

pH 

A- 

© 

O' 

Kl  O © 

o 

V*  CJ 

© A> 

© rH 

CJ 

© 

© 

* 

O © CJ  © pH 

1 1 1 

pH  O O 

o 

O 

O 

O 

O 

o 

1 

0 

1 

0 

1 

O 

1 

o 

O 

o 

O 

o 

o 

pH  pH  O 

o 

o o 

1 1 

o o 

O O 

0 

1 

1 

1 

X 

M KU/l  N J> 

K 

CO 

© N 

Cj 

© 

o 

o 

A. 

pH 

© 

pH 

CJ 

© pH  pH 

© © pH 

pH  O' 

© O 

CO 

© 

IA 

© 

WH't'OHOrOCvl 

o 

C0 

1' 

© 

'T 

© 

© 

A- 

© 

CJ 

NT 

© A»  pH 

pH 

'T  © 

© O 

<0  o 

1^ 

«0 

© 

rH  CJ  rH  O CJ 

1 1 

Cj  h h 

pH 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O 

PH 

pH 

pH 

pH 

pH  pH  pH 

o 

0 o 

1 1 

O pH 

1 

1 

1 

N ff-  <0  S 

© A* 

© 

^ © O' 

© 

CJ 

© 

© 

pH 

Kl 

o 

CJ  H A 

Kl  O'  CJ  Kl  rH  O O 

CO  O' 

© 

e 

tfHiAOHHCOMfl 

CJ  O' 

A* 

LA  LA  © N 

O' 

pH  CJ  Kl  © 

© 

© 

O'  © O' 

O 

© 'T 

O © 

rH  © 

pH 

© 

>0 

pH  pH  © pH  CJ 

1 1 

CJ  pH  H 

rH 

pH 

o 

O 

© 

o 

© 

o 

o 

pH 

pH 

pH 

pH 

rH 

pH 

pH  pH  © 

O 

o o 

o o 

o o 

0 

1 

1 

1 

<tcjrveoo>iACJCJ 

O- 

O 

o 

O 

Kl  CJ 

O' 

rH 

© 

©©©CJKIKI©K 

o © 

CJ  rH  © O 

© CJ 

© 

o 

-JHOCOA 

LA 

Kl 

CJ 

CJ 

o 

CJ 

Kl 

Kl 

Kl 

CJ 

CJ 

CJ  O >f 

pH 

© © 

© © 

CJ  CJ 

a* 

pH  O O O pH 

rH  pH  rH 

o 

o 

O 

© 

o 

o 

o 

o o 

rH 

pH 

pH 

pH 

pH 

rH 

pH  pH  © 

O 

1 

0 o 

1 1 

0 o 

1 1 

0 o 

1 r 

1 

HOHrfCONHHW 

Kl 

vt 

& 

© 

CJ  © 

© o 

© 

Kl 

rH 

© 

O 

O © CJ 

pH 

pH  pH 

© © CJ  © 

o 

© CO 

© 

O*  O pH  H 

© CJ  pH 

pH 

O 

o 

o 

o 

pH 

Kl 

© 

© 

© 

CJ 

O 

pH  pH  © 

O 

© © 

o © 

U PH 

<0 

O O O O pH 

1 

© © © 

o 

O 

o 

© 

0 

1 

o 

o 

o 

© 

O 

O 

O 

O 

o 

o 

0 © © 

1 1 1 

0 

1 

0 o 

1 1 

pH  O 

1 1 

r i* 

r 

OlAOlAOlAOO 

o o 

o 

o 

o 

o 

o o 

o 

o 

o 

O 

o 

o 

o 

© © © 

o 

o o 

o o 

o o 

o © © 

©Mflego 

A LA  -t  Kl  CJ 

pH 

o 

O'  <0 

© © 'T 

Kl 

CJ 

pH 

o 

O' 

©A*©©^KlCJO©©'* 

CJ 

o 

H* 

-J 

IA  # * * 

Kl  Kl  Kl 

Kl 

Kl 

Kl 

Kl 

CM 

CJ 

CJ 

CJ 

CJ  CJ 

CJ 

CJ 

CJ 

CJ 

rH 

pH  pH  pH 

pH 

rH  pH 

052 


M (IN  UNITS  OF  .000001  Kh/SEC ) FOR  OCTOBER 


— ------  - O'  ft  ro  t 


oirie 

k»  ia  o _ __  

HHNHH 


- - - ‘ KlNNHOOOHHO 


iflfjNOO«Okft»OfJ(jmON>ywO 

* OOOOHNWHO 


WOMW^OOOOOOOOOOOONO-ffJ^NOOMOO^^H^NHNO 

H^(O^^OW^^kMfl«J^KIHHOO'^«ONN'OkrtlASfKIWfgr/l<f^ifl^WO 

CM 

s 


Kt  CM  O' 

wow 


KlOHWaWl/lO'l/lHNOKIlfttf) 

^OO>e0NOlA<t«J  ^ 


NlAOlA<9N<6^(0OO(0 

NHOOOOOHHWWlftN  ^ ^ 


OOOOWOKO 

(0  O O <0  w w o 

• 009-0^0 


i! 


l/|NC0OS9999iftm9^^O>tO9iflNWOHNW<0^ON^9NOOWO 

N9H^(0lftHWF49^^«0cNOOOO9«fiNNHlA9-fi»/lKUJ(0-fW^OO 

OHftlNWHFtWK)M^^9^^9^^9MMrONNHOOOOOOHHOOO 


jNI/HONKlHO'^^NHrtHHHHHOe'N^NHOKMlfl^O^^lfl.OHO 

NH00CMWWWNN«gWW0NNNNNHHHHHHHWWN90HHtMf>0 


I I I I I 


I I I I I I I 


I I I I I I I 


I ft  ft  ft  I IO 
I I I 


• WH^9H^-9lAONNtfHOft)rt(OOHHCOO‘^lft<tW99WHpOWfttWO 
NO4W«tt0NH«6WHHW^N999NWWWlA99NN<MAONUHI)WtflO 
noOftcgcjfiftoooooooooooooooor-tKiinr^coO'Oocor''^© 

»*  I*  I*  I*  I*  I*  I*  I*  »"  l’  l’  »*  I*  I*  »’  I*  I*  I »*  I I I I I I I I » M «H  I » IO 

W<fHNWNH*DN®W>6H9OW>JWW(0'9'9'6'0OHe0lflN9<0W9-JO 
“■  “ - H9«fiwo<yH<o<ooMrtcooHWinwo 


2 


ONOWWWW<MfloW«090NNi  . _ 

eooo^ftftoooooofHftftftooooOftcsti 


lOHNWWHHHO 
© 


s 

IU 

o 


<WHW^NIftO>tWHWWw9^Wt04)OOHt0ONH 

0“omfNjO-rjmcocDf^ir>rjO>ocjo^rvo  


CM  I 

I I 


>00000000*0 

__  . _WNH999w9^vfvf(OO^OlOD 

HHHHHHQOOOOOHHHHOOON^COCtMDQ^^KI  " O 


I I I I I I I I 


MWMAtO»t-«-ON(M/\HOtOlfl9«fNWH^NOOMflOOOOOOOOOO 
NO^-90^N&>ON^O«J<OHWWW^Ift>OtOH<OWtOWWH^^W«jpNO 
9W9WHOOOOOOOQOHHHr1HHHHWNlA(|)NUHOH^tf|HNOO 
| | | | | HHHNWNNHHO 

NHO^N^WW^W^N9H^WN<(ONN»A9'H^®rt5WlfipOtOONO 

«^N9(OHWCj^OflOM/lWO(flO*fN99®N©HvJNCONHN£lflOOO 

4<tCl^l,)NOOOOOOOOOOHHHHHHHH(MNNOHlAOOt'<0<}O 


I I 


I I 


I I 


O«lftHlflH9W^H^OWHfl(0^H«0»0t0HpN<09SOOO 

WWNrtN^FtHOOOHHHOONNHO*tN9l(IOO>JM»TOOO;rN<0O 
lA^KtCJftOOOOOOOOOOOOOOOOOOft  ' 

I*  l’  I*  I*  I I I*  I I I 


O O O O O O I 
>T  o O O '*  f-*  < 
9NMHNN-00 

I | HHHWNWHH  I O 
I I I I I I t » 


*!A*ftOCO*tA*NOOKKIOOOOOeOOOOOOOOOOOOK><DflO 

OHN0990A<W©lhwN«nfM/>lftl/|WHHHHHWWtflWOO'6^Jfltft9O 

990HMOOOOOOHHNNNNWNNWWNNNNNW^W'ONN'CWO 

i*  i*  r * * ' r i*  r r r r i*  »*  r r r r i § r • • * • • • • » • * » ° 

NHWO99'91OWW^OWW«0^O*tHONHNNWH^WWJWNW^£O 

Ht0WOH^ONONIfl(09OOHfJWNH^9«lAHN-9WWO^NHWHO 

NHNW«lNHHH(yiNNWWWWWWWWNNNNWHHHHHHNWNiHO 


I^WHHHNNNWW 

I I I I I I*  I I l’  • I*  I*  I*  I 


I I I f I I » « I * I 


9ftlM9lftW<0NOHHO0‘C0NNC09O9N*|MH<0'?HOOH99ONWO 

N'f'O’fi'fNHHNNNNrtHHHHHNHHHHHOOOOOOOHNHOO 

i i i i • i i r i i i i r i*  i r i i i i i i i i i i i ° 


s 

2 


2 


OOOM(0M(tNWlAj9lA9<6W^OW 

OlftWO'W^H^ONWnWNOCOJft'jW 

MftW-9NOHHNNNWNWWHrtHH 

II*** 


H<99<OIAN^44N<2WWNNO 

xJOOWtOWH-fiHOSjWN^O 

HHHMNWWCgWWNWWNHO 


s s 


I I I 

OW9OW9WlAWc0HW9(0<6ON4I^H<9 
OUtlAOHCMMHMA^WWlAtONIflO'tOW 

wncmhwwwwwwwwwww^^  * 


H ^ 


I >J-  O*  I 


NNO 

0*0  0 


WNHH  I I 
till 


2 

1 A 

© 

O 

<0 

CM 

»w 

© 

fC 

CM 

CO 

O' 

K 

K» 

*4 

* 

1* 

lA 

o 

* 

t ft 

CO 

CM 

o 

-0 

CO 

CM 

lA 

3 

3 

K» 

£ 

rw 

O 

FW 

*0 

O' 

CM 

K> 

CM 

O 

a* 

>* 

CM 

CM 

lA 

o 

3 

CM 

>0 

CO 

O' 

CO 

lA 

CM 

3 

CO 

>0 

«0 

N 

CM 

to 

O 

CM 

CM 

IO 

W 

|A 

lA 

CM 

CM 

CM 

CM 

CM 

lA 

* 

«o 

'O 

© 

© 

'T 

© 

H 

WWHH 

lilt 


CO  <M  O ft  10  t 
WOMftf  I 
ft  ft  rM  *4  O t 

r •*  i*  r r < 


r 

x 


to  O I A 
Ifl  <9  -9  ^ 


OMAWOMA<tWWHO90N«iA9WW 

- - — ‘ w w w w 


HOOiON<C9I9WNO 


iWWtMNNNNNWNNNftHHHHi 


0 0 0 4 
« O *2  I 


A-7 


I Ayr  I fra.. - 


. . . 


j 


T (IN  UNITS  OF  100.  DEGREES  KELVIN)  FOR  JANUARY 


WO(0HKlNN^tf|M 


*400000000 


OOOOOOOOOOHHHHHHHCJIO^ 


*J<M*J<UM*J«NJ<Mf4CtJMCsj<M<UCU<NjCMCJCgesJC4CVJCSJC4<\JCgrjC\JC\JC4CNJCMCgCtJCViC\J 


NKUO^^^^MflWHO^CNNJ  SO(OI>OOHHN(vrOK)inOaooO 
^J-WlOWNHHHHWHOOOOOOOOOOHrtHHHrtHHHHN^lflm 

«a<U<MM<U<NJCSJCg*4<W<V<V<V<V*J<V<V<V<V<V<NJ«U<V<VJ<W<VAJ«VJtt«U*J<\J<wft*rJc\« 

«NH<0NOHN4OMA>OOkAHMA«a(MlAN»OH^^HlAlA»^OIAH 

^JrtH^)fJNNOtf>Nirt>y^K»fVfJHHHHfVCVWWn)OKtW^J^fJ^ir)lfl(r 

Sf»t<fKIKi<gW<JHHHHHHHHHHHHr1HHHHHrtHHHHCJK1^tf)lA 

NNNNMNtiNNNN<NiNNNNNNN<gMNNNNN(W(ylMN(JNM(yJNtyi 

or^«^^^>r4N.iAwtK>H>cMe4co^N*H«ocjr^r^m<o^ 

<|)A(0^aN><0^lftMcgO0'(0NN^ 

NNNNMNNCJNNN^NNNNNNMNMNNNMNNtgotaNNNNNN 

t/)O<0«0Ne<tMAO(0lMAN 

HH(0K)C0NN-JMO<0'0>yWHO^<0N4)lft'J'<'WrjWl^vfU>N^<0ChO(7‘-0 

MNMMfWMNNNNNrjNNMNNNNNMNNijNNNMNMMNNCWNN 


^^MOiA(MOO(OlANO(OtAK>O(O<O'fNP(UN<«<O<0(OH|/IO)O^N(OMA 
<K'0'OlA<f'J^KlKUO(YlNCgfJCJH  (HHrtOOOOOOHHfgi0^lf|^N(0 

M(sj«Mcgc\jc\jMcvie\j(sjcucjcMM<Mcvj(M(sirj<Nj«>jej(\jcjCM<M(gc^(\joj(\iCjrgOi<si(vi 

O<0W-0>6lftOM«e^Nl/H0OOW(0OHlOiflc0l/t^>t<0WSa^<0Kt(0^lfta 

O^NKMOfJOMON^''jyS^H(0'OK10NvtfJOOHIflO-OKl^^HfO.TW 

h-fl^^lfllfl'J-J'JKIFOMNtgWfjiHHHrtOOOOOOOHHfj)0^-ON(Oa 

MNNN^NNNNNNCgNN'''  NNNNNMNNNNNNtyJNCVJtyJNNNNN 

HH(0lflO^N^HOl^MON^H«0  (VJ  C «K10«3N»-fOS(ftff)H^^NN 

NN^^-Olfl'f^'flOK'KlMCgNNHrHCOOOfraaOHHWWl/I.CNOa 
(UCSJCJ(\JCJ(SJC^CJCMCgCNJ(MCMCM(MCUCVICVJ(VlCg  ie\JCJ«Hr-(r4(\J(VICVJCMCNJCSirMCNJtJOJ 


r»«*cou>i-<^*^f^o«viroKii 
HO(OlrtO-t  NlAWa  >01 
r^r^vO’O'Oin^'T'^Ktroi 


iNrjNlf'MWHHH  I)N»(0O<tM«AS«Kl^aH^ 
lON«tH<0lftNK^a<0»n<0KtON'JC0O»ftNC‘C0 
I^MNWHHHOOO^^^C-OHHWWlft^NO^ 


NNNNNCSlNNNNej(yiN(NJNNNNNNMNHHHHNNNMNNfylNN^ 

lAM(MA(hNNaoOO^^OHN^lANAC0<6<tNN(0<0aH^»lA^«4e 

^4or^^<h^r^^eMa>^>fM^rs.^^<oift<Ma*^K»or^*of^cjc»‘rv^<ocj»f)r^€rj«o 

NN^^IftlA^-y^KIr^KlNCgwNrtHHOOOOO'traoOHWIOIfl^N®^ 

MNNNNNNCMNNNNN(gMNNNNN«JNNHHHNNN(N)NNNNNN 

^HrtrtlftNW^NNC0OHN^NHlfle'K)WNHO«fl^a(DN<0^»NeKUfl 

NN^'0lfllft'J<J'fF0KlKlKIWNWHHHHOOOO0‘OOOH(VK1l/XI'(0^ 

NMNNNNNNNNeJ^NMNNNNNNCyJNNNHOJNCJNMNMNNNN 

• NOIftWWO^<DOK>SH^»^ff'^^NHOfJ«OON^(00'N-taKI^N 
m<g^^^rorv^»Ha‘OK>rHcoirtroo«o*0'Too«o^)'6%o^^4«oc\j*oofj^^r^ 
NN^<lfllfl<J>f-JKIWWrt(VWNWrtHHHHOOOOOHHfjrOin^S(0^ 

Nesjcj<NJC\jcsir<j(sicgcsi(Mc^(vjrgcj<M(sjcsjcsj(NJCvicvjCMCjcgcMCsj(vi(sjcgcjcacsiCJC\jcj 

K>lftiftlft(0^(0-J<0W(0vfH^^K'Kl^NOIrtf0W«tOO»tlrtSHl/\Ovt0'(0O 

ift«yotf>o*K'r^iftcjof^U'»ooco*©*t<MoC‘K^u,»«y^^^tfiSR-ocjr^a-^<0'0 
NNNNMNMNNNNNNMNNNNNNMMCMNMNNNNNNNNMMM 
O N N Ift  IA 

r^r^rH«0'Oift«^>^'J’^'^KTFomFOKT<Mc\jrjcjcNjfjcsjfMCNjc\jcvjcNjcMCsjc\j^in>or'r' 

CNJCSiOJOJ(MCNJC4rviCJ(MrJCSJ(Vi(MCJCNj(MCgCSJCJ(\JCSjrvjCSJCSJCM(MCstCJCVICJCJCSiCgCM(g 

H<0f0K)<M/i^WHOOHWNHN«0^<0H«t(0rttflO»0^^lf)C0fj0'HO<0<0 

O0'-0OM|xrtff‘Mfl^H»N'0‘fr0CJHHO^ac0(0N'Clft^M^O-f«tflH 

cor^f^r^«Orfiif)*j«^«j,^>tf'rof^K)KirOK>fOK>focsicvjrjrjcjCNjcjf\jCNjcsirO>j-inNors‘ 

NNNNtyiNNNMNNNNMNNNNNNNNMNNNNNNCJNMNMNN 


cocorvr^voi/>iT)ir)>y>y>tf'>t>yFOfOKT»omfOK)K)roK)K)FOfsjcj<sjfvjcjcNjfMfOv3-in>£) 

NMMMAiNAiMMMNNMfaNNNNNNNNNMNNNNNNNCgNNNN 

eHr0N(0(0MA<tlA(0N<6Me»eM^^KhA(0O^N<tO^Kt«^»t0in^ 

ONH^<0O>^HaMn>r(VHO(O(ON<ll/UA^^rOHO^(D<O'7<O^O('JNO 

^C0«0f'^»ft»Mfl^<t'J^'J'T'tWK)K>fOK>MKinK>fOFO(VIWNfJHHrO<Jin>C 

MMNM(NiNMNNNN(JN(yMMNNNNNNNMNeJNNN(MMNCgNNNN 


• 00000000( 


>000000000 


o^in<sfo^ifl^K>  <*■/»-» 
-tWWlOF^rtlO 


O^»N-0«<f(0WWO<M0N>filfl'fWNO(0^'JNO 

K>NNNWNWMWfJNHHHHHHHMH 


^>00<'J'TK»r^<SJf**K>©NOIr»rsO'vOlrtmc\i©a'COcOtf‘Ovc>00©©Cy.<y,r^r-l>0 
«OOl/>H(0<«J'fMKlMMW^HHHHHHOOOOOr(rtrtHHOOONlfl 


CHHOiA>f>6't<0NO(0^K>OC>H^ONlftlA0'WNH<'jW<fSONNNlftO 

^OON-J^NWN^O^)MHO->OlflKlWOC'<0«aaOOOOOa-aO^OO 

^OlAH(04<f'fn^KI<gN(VHHHHHHOOOOOHHHHHOOHN^lA 


«HH^I/l^-fl'f(ONOflfrMOO‘^^OM/hAO'rtNHNK^^©lfl|ON^O 

^OON^tONNM^O^KlHa^lArtNOCMDcOP'^OOOOOa^H^lOO 

^OlAHC04^^^^n<W(yi^HHHHHHOOOOO^HHHHOOHN^I(A 


<OOIAH 

<SJ  C\J  r-4  r« 


(0N^N^<f^W(0M<0HH(0O<0O«e-f>O>0l/lN0'HK>0-v£)N00lft^lA>tKiO 

co#H<o»nroorvrvrxO‘pHLftCrK»o'v^»-»r^vTcja'r^^i/»iA>yK>fOK»fNjcjf^r-*K»r^o 


^HO»ON^^(ON<0>OW^'t 

kft  ^ K1  M H H 


INWWHHrtHrtHHHHHHN«J^)0‘U> 


^MA-fiW^NN0-HlA^M0'^HS^waMn^*0NNlAWNOC0O-0<0'JO 

(0-flf'OlAnC0N«0'0W'J'fK»K>rtNWWHHHrtHHHHHHHI'Uf|-fl<0Hkf\ 

»-4  r-4 

^^^M/\e-WMNW^N-CNe‘H-ja^O‘^H^OIfl^H«OHlflHC‘<OcONO 

4>cM^©©«>jh»inK>cvj©acor^^>^in't^K»»^K>r^c\j»oO‘rs.>3,c'ja‘iAror^cr%t© 

^Mft<JMWrtrtHHHOOOOOOOO©OOOHMHHHHOHWrOlft(rif) 

rt 

KtW^^^<0>0W^>0^O(0^^KlHOa«N^0'fJvJ^H^HOK'a^^NO 

O^HtO-O^nMftiWPJfJHHHHHrtOOOOHMlirtvO^N^^W-flO^O 

NHHOOOOOOOOOOOOOOOOOOOOOOOOOOOHNrMA^tA 


SOKlO<0^Wfr^WH©«Cl/>^PjO0>C0NN>0«ON^-0.£)NH^(0»/'NriO 
WOMft«tWNNNNHHHHHHOOOOOOHHHN(0^OONOrt(0O 
»Hf-li-tOOOOOOOOOOOOOOO©OOOOOOOOOO©r-t>HKtiAc0iA 


<0^<0'dirt*-»roKw«o«^©^^iHa‘r^iA^Mf-4^©©©^^r^»^csjiHifta'>o©© 

^N-ONO'Mfl'J^KMOKtNWNHHrtHHHOHHrtHrtHWrt^rtHH^O 

NMHHOOOOOOOOOOOOOOOOOOOOOOOOOOOrlN^NlT 

r-i 

8H-0^OIA^ON^H^NlftH>NH^(0€0N-0NSK»<0N>0«0^N'tHH^© 
^ON'O'JMWNNNHHHrtHrtOOOOOHHWNWWCJM^fMMOO 
»1r-<riO©OOOO©OO©OOOOOOOOOOOOOOOOOOf-lfJ-TC0lf> 

H 

HHiniA»t(0^N(0lft^©«-fi<trtH©(M)0N'0^'C«0'0>tHaWN©rtHflJO 

Olftrtfl)'0>tWK»CJWNNHHHHHHOOOOHWrO«J^^fOt/l<r»OO^WO 

NHHOOOOOOOOOOOOOOOOOOOOOOOOOOOOH(«J-}(OIA 

H 

^i/»#^0‘<t^ra^K>©'^»^»HC'rs.ifj»^csj©^<o^a‘»-»»^^ir)»tK<<Mf-i©o©N*© 

KiNW^Ntfi>jrOroiO(jfjWrirtrtH(HHOooHKi^aiuuni/im(7'-ocoP'Wo 

MHHOOOOOOOOOOOOOOOOOOOOOOOOOOOOHCj^COin 


^WO©HO^H^^OlAOlftW<OlflWO(0'^«tl/\'£iN<0^tftK'H^OW<ONO 

^Wtfl©'tONr'Olrtlft^'trO^MC\JWNHHHKtNOMKIK»fOK»*0©Wvyi/10 

^MAJHHHOOOOOOOOOOOOOOOOOOHHHHHHNKUnNOlA 


^M^H(0^(0OlAKM0irtaiAKlMNK)tA(0N<6<6«<0<£^OMANNMfvi’0O 

^OC-fi^^WNNHHHnriHOOOOOOOOOOOHHnHHWMtflCMfl 


NNOWOO»ftHa<hWNKlHOOH^SOlAON>t-OCO-JO>60irilAW(OcOO 

<fH»AO©fJ©Mft^Nrt©(><0N-<Hrt«fl'#'f't't^^^<0a‘^Wlft^<CWO 

W^Mrt^lONNHHHHriHOOOOOOOOOOOOOOOHHHW-JtOin 


<«^HK)OOI 


!H»»NMflHOOH^KOlAOHK)^0^©«»NeONHO 

i^HHHpi^irlOOOOOOOOOOOOOOOOOOONtrilA 


tna^NM 


<A<t  HKIOONOMfl<f  NH 


HOOH^NOI/)OHm^(0^O<e^<0tJHlNNO 

o^(ONs£>uitfi^'t«f't^'t-n©CMHN©o-H^)o 

r-lOOOOOOOOOOOOOOOOOMOCsJiniA 


>0000004 


ooooooooooooo 


OMft(MOMflttKlWrt©^«N'fl»fl‘tf,lNHO^<0N'0»ft^WNO©^>JNl 

M^^^^^KIKUOKW^ntJtgNNNNNNNNHHHHHHHHH 


■ 


1.50 


KFZ  (IN  UNITS  OF  .001  KnSQ/SEC)  FOR  JANUART 


INO0K«lA' 
I N < J 1(1  <i  N i 


IDK1NOOOOOI 


i cr  o h (j 


OOO^IAO 
O O O K»  O O 
H H H H fO  K> 


• •••••• 


tlllltll 


lO»ftN»OHNI 
I H U1  N CF  N <r  <0  I 
> K fo  <6  K ^ f*>  I 


» f*>  <0  O <M  * • 

eeoi 

• ui  ui  <««<«• 


h m o ia 
I 0 O ^ tO 


O a » <6  N 

H O O H Mfl 


• • I I I I I 


•4^  «F4l 
I W M W K1  <f  l 


I ^ «1f 
IH-INO 


OOH^^KI 

(O  O <7  (J  N N 


I M M IK  N N < 

I I I I I 


» H « <0  tf  < 
I N IO  « IO  IO  . 


INW»OfO 
I I I I 

I 7 >f  Kl  7 i 
i H -J  S O i 
• * N O O ( 


o o o K»  CD  <0 

o o o ^ m ^ 

H H H <f  (K  (0 


I N N ft  N N I 
I I • I I 

in  (n  co  a h ( 

71 


ifJfttOlO 

lift 

I tO  >4  O O I 
^ (0  O H I 

in  o -o  in  i 


0 0 0 0>?9- 

O O o O lA  O 

H H H H tft  N 


I O O to  ^ (M 

l N ^ O H N . 
I W N tO  Kl  lO  I 


I I I I I I I l« 

to<o*t«^ooooeoor^<si 

i^Htomaooooootf)*} 

KjMtHKlHHHHHHMO 


I^NlO^tOlOfttl 
I O O O O O O O ( 

» o o o o o o o < 


■ U)  Ift  4>  b*  i 
10  0 0 0 0 4 
• O O O O O ( 


IIO^OIMOIOO 

m to  to  n n <►  o 

I to  Ift  tO  h O n 


O O CO  o o O 
O O C-  O N H 
H H O H O N 


IMAtftNNHHi 

► O O O O O O O ( 

> o o o O o o o < 


t<\trjK>K»^vj-u>in. 

>000000004 

1000000004 


iN(0Ol07OOOOO<0OM 
iirtcrjacNjaooooor><rr^ 
• OOOOOr-trlr-tr-tr-tO  3 O 


Kt  <M  CM  CM  K>  K>  FA  . 
I i-J  H H *H  *-(  i-t  ft  i 
>00000004 


IHHHHHHrtHi 

>000000004 


I O <0  N O 

I CD  to  ^4  O 

> o o o o 


noohwo^ 
O O O O l*>  (N  O 
H H H O O O H 


<0  N N MO  • I 

I CJ  N (g  N N CJ  N < 

>00000004 


•H<StK1.flA^)NNi 

untntntnmmtntni 

• OOOOOOOOl 


' >t  H O N I 

I CM  CM  H H 4 


<0  CM  O'  O 
Cl>  H OKI 
• fH  O O *-4 


I <H  O O O O O O < 
I CM  CM  CJ  CM  CM  CM  CM  < 
• 00000004 


ltOlAN«)OHtntM- 

ICMCMCMCMFOtAFAFOl 

• OOOOOOOOl 


I Kl  H a CO  ■ 

i N Ff  (O  4 

I to  tn  N N I 


H <o  (O  o 

O Ch  O 

I O O O o 


^ (O  M -O  Ift  -t  to  i 
I to  IO  <f  ^ ^ ^ « 

>00000004 


filANONlOl 

^^ininin>0'0>o< 

• 000000004 


1 N O O tO  i 

to  CJ  H to  I 

10  ^ to  CM  4 


IOOC0H 
• O O CJ  FA 
IHHON 


I H N Kl  N H >D  N I 
I N H O O O O H I 


KOOWlOtflN^HI 

I.T'fiMOOtOHtO. 

>OOOOOo-t«Hr-4i 


i in  >f  to  w i 

t O O'  O'  O'  i 
) O O'  O'  O'  I 


> O N O to 

> C>  >0  cm  *0 

I H O «7  tO 


► co  *-»  cm  ^ in  « 

> IA  I A -7  ^ >7  it  i 


OM0071MOM 

i<o^Hto^(nN®< 

IHHWNNWNfJI 


‘ «fl  H ^ • 

i nj  (M  rj  h . 
iNOfO^tl 


> O M ^4  •£ 

> O O O CO 
I H H >6  >7 


laiMf  MtO^iA' 

i FA  FA  FA  FA  FA  I 


H(OinH^H«COl 

iNcooNtomgxoi 

I r-4  fH  CM  CJ  CM  CM  CJ  CM  • 


‘ (0  <7  <6  (f  I 

f-4  H O 47-  < 

i n o to  m < 


► * 'O  ^ 

> -o  -o  o in 


H7770HH4 

IHOO^OOOt 


l0HtO^N07Oi 

IN7tn-ON<0O'H< 

IHHHHHHHMI 


<0  o O'  O'  < 

ItO^MM 

l«N7H- 


iN>ofl«n 

' H H -o  H 

in  o>  h (N 


Ko^D^to^^mtniiiH^cMioincotocDfjNaoHNinKcoin'to^^N^ 

-7»n«t^tf'7^-»^47'7»nin^«SMOcOO'^N^IMOfOfONCsiino-7lNN^ 

ioooooooooooooooooooooHHH(gto<7in«ooHH^>oin 


OlAOlAOlAOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ONinNONin-ftONHO(MON<nin7lONHOO'eN>Oin7tONOCO-07NO 
in  ^ 4 77tOtOtOtOtOtOtOWWWNCgNfJ(MfU{yHHHHHHHHH 


A-  10 


KFF  (IN  UNITS  OF  KNSQ/SEO  FOR  JANUARY 


owCH^iAiAiMrtst^w^^MwnH^Nort^if,  4>Hi^^or-af'^'t-jo 

OW^OW(flN-JHC0U>NK1«J^M0OHf^lflWHCM0M'l''0'JN0'y'NO 

ON^^tfl^WW^W<gMft»MNNMrtK»«KlMWKlNMWN^CJKlM(JHHO 

O^<VF**4lA«)Oesi>?'O<OO'?<NJ0‘^'?r  3®^)<frtHfJO0'<0NH^O'0<0O 
ONPJI/l»CfiN»OHfjKION>JOh»^r,  w 

ONN^Ift^K»WMNftJNNfgWNWrOWWWlOrtK1K1WKlrOWtO^<fK1WHO 


OWKJlflnN^frrt^frrt^^H^NOW-O^N^Kl^NaOHWHOWrOfgo 
ON«^ti«4NOCO0»9  (T»OOOOOO9><DNO^^'dOH(|jl/1<0O 


i^wwrtrtwwwi.wNwwrtnKU^rONfacjwwwioiftjfti 


OSNNHNNOtt>O^N^>-  ^N(JOH(gK>lAC0Ntft'ttflNC0(>H'>NH'tO 

r <r  ^(i^HinO'HKi^NocMOOfyo 

OH«W<H^»fl^JO(gf4  0^l'*«0»ftfOMM(r(OCO^^O>CHOH^lOHNNO 


IfJNWWNtJHHHHHCgWI 


> * lA  IA  'S  OJ  *1  © 


ONNO^^N^N»<><firtNlfl^^NH^(CI(VJ^>ON^lftK'^'OK>^>CKI'OjO 

ONrtNO<tN«OH(4rtKU4HHOOat)(0M/\KlHONl/>irN0'(rac0fJO 

OO^O^H«<lflWH»CN^in«JKlHOP'(OOM^I'>JHgiftl-'M«JH^O 


Otfl<t^MKlN(gNNMHHHHHHHHH 


IW^lAWrtOJHO 


©^<f*Jirt'-*>©rocrtft<sj<o<ro*Hf'jK>»j'irt'Ovor''>©invy'T'0<oocjcrr-*rHvO«o 


ONNHH 


HHrtftll^^tfl-fMNH 


OSN-OlflS^>OlO^-OrO«y<lM?'HfjvJlflS(OOfJ'TO>OfJC}nu1(fN^fJO 


KpH»^rteiAOlAOlA<tMHO(0N^  - ^HSaMAtfll/WMflOCONOfJO 

O '/I  ^ w <■  H -c  H H <?  m M to 

lOO^WMNHHHHHHHHtJWCJCJN.^r^JlANCOOH^^WfOinWfJO 


imiAN^o)(ON«iA<tK>o>>tO‘inoir.  h<ohN(Oo  asfoo-crotooiAKi^o 

i^(T4)MWKUgHOa(00'HftJ<f^NfflO(Jl0H^N^C0OH(OvTinfJ^OO 

• 0^iftvftocMMCMCsjm«H^tsic\jcjC'j<vjrvjK>ro»o«^vj’»ft^»r^a-©iH<o»r>»ocMe>jo 


0^rtfOy»OHCO'tONrOyyyi/llft^NN<0(00^>fl<0^>JfJHinNy>fiyO 

O'yrOWWWHHHHHHHHHHHHHHHHCJWWKIf^-jyyt^HHHMO 

© © 

©WH^(0<0fl3WN^I/IN-0H^O<Jff>>t(0t0<0Ot0inHNyoN«CWOt0KI© 

©©©^•H^r^f'*'N«o«o«o«^ih‘r>‘<o<Ofl,'^^ooNK»cr^(fOH(y^ooFr'cj^o 

OMWWWHHHrtHHrtHHrtrlHrtrtHN(JWrtKlyin-C^M/)«NWWO 


©OC^'tWON^H^^OyNHIftOWNHl/l^'ONOtflOiriaWvOOKt^O 

O^^)(0ON'fWHOl0N«0C0(0(7^CrOOHHfJMyNyfJ(r^^N>f/^MO 

©|fl^K>N»CgN(JNNHHHHHHHHWWW<JK»yift«6C0OHriO>0-J'nMO 


>W«^^HK»yifl^<O^MftK<HO<0^'tWO'tCONHHOOO*f>flvtOvtO 

► tf»©»A©f^K>K>K»K>K»K»^ir»^)h*«o<OcroHc\jvt'»ocrf^r*r'h*r^cja“©»-«m© 


► U>  © © M * *t  H 
l H in  H N y H H 
I K>  N N H H H H 


HHHWNH  O 

N<tO^©^C0N-fiOlft(0K)NHlft^a<0C0<0Nay«tOWO 

©oocrHwmin^iouoNKiNoiOwyin-nNoinr'OHo 

HHHOHHHHHHHNNNKI^^^O^^MNM^^^O 

HHH  W WCJH  O 


I^N(Mn^^NNH 


0©K'^0»nNoinSo»n®'tff,HHHWO^yN'tK© 

MMMM^^^UUMft^.OOinaaMftKlHO-OHONO 


IOWHOHK»^OWN©(0^^HaN^NO«^>trt»N^ywOpJ£HO 

I^WMWmwWNWWWNHHHHOOOOOOHHW^^NCr^^MCOinO 


iwitw 

• M 9“  Mn 

Kl  M K» 


Wa^>CON^lA^«O^NNNNNMO^'OU'<MflHNmyin^MI/IO 

ino^inin^Kiwo«^ywoc0-n^Ny'O©wNcj-nHroHHO0'o 

WrtNNNWNNNHHHHHOOOOOOOHN'ftflN'ONHN'JO 


ioiaoiaoooooooooo< 


>0000000000 


OSlANOMAfl 


IWHOa(0N<filfl^WMHO(M0N'Cin«fKI(gOC0>0'tWO 

iMMMNWNWWWWWWOHrtHHHHHHH 


A-  1 1 


V (IN  UNITS  OF  .001  KN/SEC > FOR  JANUARY 


9 p*  0 
o in  9 

HOW 


«5  9 ft 
0 9 9 
eg  eg  9 


HN  W 

(4  <o  <o  in  o 

Kl  H H a H 


|/|  <NJ 
in  9 C J 


H O (0  <t 
^ O -J  H 


P*  9 
9 <0 

o o 


9 m 
in  o 
o o 


vtw«0^fj(00'ff4‘?w 

« V*  M'l  -t  (4  M Kl  Vt  W m 

•HKICsJfHOOOOOOO 


«0  CO  © 
eg  co  9 - 

HOWi 


0 CM 

eg  eg 


#h  9 co  9 CO 

WOH^O 

eg  K»  m eg  m 


in  hi  m 

O HI  H 
K»  eg  eg 


eg  0 < 
0 k>  ( 


0 »h 
r*  9 

o o 


H H H»  H 

o o o o 


Hg)g>NinHHiMvt<o>j 
eg  h*  n*  vt  vT  eg  «p  k»  fo  o o 
H H OOOOOOOOO 


I I I I I I I I I 


eg  eg  9 
m co  9 
h h eg 


«J  a HI 
HI  H 4) 

own 


m co  m co  <0 
p*  9 -0  O'  co 
eioio 


^1/10 
in  co  m 
k»  eg  eg 


9 eg  . 
O CO  I 


I I I I I 


rh  eg  eg 


• in  n 
in  m 
o »-*  eg 


HI  N H N 0 

9 <g  co  eg  o 

e\J  W H H H 


eg  9 

40  9 m 


i i 

O'  m ( 


Noinm^coi/iw^O'n 

e4e4inHIHh(4H(HNO 

NKKJHHHHOOHH 


I 1 I I I 


oooooooo 


eg  © 
co  o 
© *-« 


»h  m 

05  K» 


OWHNOO<0W4>N<0 
rg(HHWh>^rgHiui0O 
HI<llA^Hin(4  0Hf4C4 


I I I I I I I 


HIMA 

0 » H 

h e\t  0 


4)  HI  H 

© 9 © 


9 0 m 9 <0 
m in  <0  F-I  eg 

OOOHH 


I I I 
H O <0 


I I I I I I I 


O'  m 

co  p* 


» FO  HI 
I o eg 

> o o 


0 CO 

eg  co 

o e 


HINHI»N»0»4IH«t 

<AW^H9egeiOewHi 

W^^eHlH>HOHe4H 


p*  o O' 

in  s © 
oin^ 


eg  eg  K 
co  9 *h 
0 9 eg 


O 0 O 0 H 
HHIN  H 
O O O O H 


p*  9 m 

hi  0eg 


hi  in  • 

O'  0 . 


CO  0 I 
m 9 
o o < 


m rs. 
«o  9 
© o 


O>tO9N«)NWWO0 

WinC4ON^<tHl0OHI 

ooooooooooo 


000 
m © *h 
o © o 


0 0 0 
m *h  9 
0 0 eg 


0O0H0 
O tfl  0 W H 

o o o o o 


OHW 

0 a O' 

o o o 


C0  0 4 
r-  in  i 


p*  9 i 

9 p»  . 

o o < 


>0  HO 
0 
eg  w 


OO00OOH0eHN 

iA4)0NW4iegcN<O0 

00HO0HIHOH0N 


co  m o 
eg  O'  m 


0 co  0 

HI  HI  0 
H N CM 


0 9-000 

hNOO"C 
O O *H  o o 


Own 

eg  o o 


o O' 
*-*  *-* 
o o 


O O O O H H N 


0 eH 

9 10 
n 0 


HI0in«HN  Hej(\l0  0 
W00tHI(O0KIHI(9O 
WNO000HH^M4 


• I I I I I I I I I 


H*  < 

<.  i 


m m in 

I N N HI 
i eg  0 n 


H 0 0 H N 
*-4  9 Kl  9 K» 
OOHHH 


CO  Kl  f~i 
H O o 


0 O I 
9 9 • 


i 9 ( 

• fH  I 

» O 4 


i m 0 
i n*  o 


i in  eg 

I HI  0 

i eg  9 


OHI00HO09000 

HI00O00N0CJ0HI 

0(giA0lA0OW0UI(l 


1111111*11 


0 0 9 
H « N 
o 9 m 


NO0 

»-« 

HI9HI 


0 CO  0 o co 

H H N H ej 
o rh  h eg  eg 


O00 

HI  C4  (N 

eg  eg  eg 


in  O' 
o p» 
eg  «h 


i <0  CO  i 
i eg  in  < 


9 * 
> m , 


HI0N0H0S00MHI 

i0aN(ON9(JO00N 

>cgsr00megoC4cgHtn 


N0IA 
m 0 eg 
© m 


co  co 

co  in  rn 
H>0  0 


eg  eg  9 co  n* 
eg  o <0  9 co 

O H H C4  (4 


N HI  0 
9 9 CO 
eg  eg  eg 

I * i 


ps  m ■ 
eg  eg  < 


9 - 
m «h  < 
O O : 


lHI0H«N0MflWin0 

inWfrHHONWNHl0 

lOWWWHOOHOOKI 


eg  9 0 
m m 0 
oinn 


O HI  0 

co  eg  m 

N0  0 


90IA0HI 

m 0 0 9 9 
o o h w eg 


in  0 9 

O 9 N 
m eg  eg 


9 m 
m m 
eg  eg 


1 9 HI  I 
• eg  eg  - 
>004 


0 9 

fO  f J 
o o 


K4O0HWWHHIHI0W 

OHIHIHnN0OHCg0 

ooooooooooo 


I I I I I I I I 


e 

9 


0 co  m 
OHI0 


mom 
co  eg  9 
o co  9 


9 co  9 9 eg 
HOCO0N 


N 9 O 
HI  W H 
eg  eg  eg 


CO  0 
O 9 
eg 


i 9 eg  i 
'H9I 


o m 

O rH 


HHHOOOOOHHH 


099CO009in9ej0 
OS0HI0UI0OC4KI0 
OOOOOOOOO 


fill* 


n co  r* 

m eg  m 

H HI  f' 


m 9 «o 
co  0 m 


9 N « 0 H 

p*  © eg  9 © 

HHOOH 


0 m o 

eg  <g  eg 


9 9 4 

r-t  O 4 


m in  . 

»-4  0 I 


i p*  in 
* eo  co 
i o o 


9 9 m 9 m eg  m 9 eg  in  s 
ommoh»09O9  0co 
HHHHOOOOOOO 


I I I I • I I I 


9 0 0 
9 0 0 
H HI  0 


eg  0 m 

eg  m 9 
0 9 eg 


9 m m o o 
9 o 0 m 
H H H O O 


m 9 9 
<f4  o o 
o o o 


o eg  I 
eg  m i 

O O 4 


i 9 9 

ISS 


NHII/IH 

9 m m o 


COIAHIOWHINHHIO0 

09WOWHIHOOWIA 

ooooooooooo 


0 H H 

m 0 m 

HW9 


co  co  in 
m o 
9 HI  eg 


o eg  o 


0 eg  m 9 r* 
*•  ~ <o  m <g 


9 0 9 
m eg  9 


co  m 
0 co 
o o 


m «o 

CO  O 


m m 0 9 


r^99egmmoKO0m 

R-4eJin009<goooo 

OOOOOOOOOOO 


I I I I I I I 


HNN 
9 9 0 
o f-e  eg 


0 9 9 
m 0 *h 
ej  h h 


99NOHON0HIH)igO 

0)0m«Ho»-4oomin00 


i m co 


99ianniawhww« 

HI^NMON«JOHIHIO 

ooooooooooo 


lomoooooooooooooooooooooooooooooo 

meg#HO9co»^0in9mej.HO9cor*oin9meg©cO09eg© 

“*““■*  “*  * wtgegcgftiwwegHHHHHHHHH 


W o MA  WOMA0HIWHO 

h m9999mmmmmmm 


A- 12 


H (IN  UNITS  OF  .000001  KH/SEC ) FOR  JANUARY 


8 


N H 


|8 


© 

♦ 


s 

Ul 

o 


5M 


OOOOOlflOO««OlA 

P 

r> 

p 

p 

in 

in  eg 

p 

eg 

FO 

eg 

o 

o 

p 

p 

p 

© 

p 

fg 

P 

O' 

P 

o 

W'j'JOHirta'W.jort 

H 

P 

P 

p 

O' 

K © 

© 

© 

o 

fg 

fg 

O 

o 

© 

P 

»g 

p 

© 

p 

ej 

o 

NNMNKIhNON^N 

o 

rH 

eg 

eg 

eg 

eg  eg 

eg 

rg 

r# 

rg 

o 

o 

o 

rg 

rg 

rH 

rg 

o 

O 

rH 

rH 

o 

o 

o 

NlftPMNHriH  1 1 1 

1 1 1 1 1 1 1 1 

1 

o 

OOOPOPOOOOO 

o 

O 

o 

■> 

o 

o o 

o 

o 

o 

o 

o 

rg  eg  o 

p 

P rg  O 

rg 

eg  O' 

fg 

eg 

© 

N(g<oNoi/iHN^irtaj 

p 

o* 

aj 

i 

• * 

O P 

rg 

P 

p 

O' 

p 

o 

O' 

fg 

O' 

fg 

p 

p 

O 

o 

p 

o 

rgojo*«>rg,yrg©pppfg 

NNN 

P 

p in 

© 

© 

p ei 

rg  O' 

p p r>> 

fg 

p 

P P 

P 

O' 

p 

rH 

o 

N Ift  W N H 1 HHHH 

1 1 1 1 1 

rH 

H 

H 

rH 

p 

H H 

H 

rg 

rg 

rg 

rg 

o 

eiAPlAONpN«MO 

<g  <o  ift  «c 

P 

rg  O' 

rg  p 

P 

H ftJ  <# 

rg 

fg 

O 

P 

o 

© 

O 

o 

o 

o 

P 

o 

rHO'oegPopPoegfg 

o 

< J 

© 

o m p O' 

O' 

O' 

o 

O' 

O' 

o 

P 

v7 

o 

O 

CJ 

O' 

fg 

P 

o 

PH(gK>AK)H<g(gtgH 

«-e 

O 

O 

H 

H 

rg  rg 

rg 

rg 

o 

o 

O 

rg 

rg 

eg  p fg 

o 

eg  P 

o 

p 

o 

P O 

IP  ^ W WH  1 

1 1 1 1 1 

1 

1 

1 

1 1 

« 

1 

1 

1 

rg 

rH 

rg 

rH 

rH 

rH 

o 

OPOOOOOOOO© 

o 

o 

o o 

O 

O O 

o 

© 

p 

eg 

P 

eg 

O' 

O 

O' 

p 

O' 

P 

p 

P 

ej 

P 

P © 

©pppfgfgprHf*  <7  p 

rH 

p 

O' 

O 

o 

rg  P 

ro 

rg 

fg 

fg 

m 

p 

P FO 

-7 

o 

<g©«70pppfgfgf'fg 

fg 

p p 

n 

© 

p cj 

r4  o a 

P 

p 

in 

O 

P 

eg 

o 

rg 

P 

p 

P 

O 

P 

rH 

o 

-J-WWWHHHHHHH 
1 1 1 1 1 1 I 1 » 1 I 

H 

1 

N 

1 

H 

1 

rg 

rg 

H H 
1 1 

rg 

rg 

1 

l 

1 

i 

1 

1 

l 

• 

o 

oeoooooooooo 

O 

in 

rg 

P 

O'  © 

p 

> 

O' 

O' 

fg 

O' 

ej 

rg 

o 

o 

p 

P 

© 

P 

P 

P 

eg 

© 

fgfgpopejopppp 

P 

p 

p 

p 

m 

© in 

p 

'7 

P 

O' 

P 

p 

P 

<t 

CO 

p 

© 

O' 

p 

o 

f^ 

P 

P 

o 

O' 

P 

fg 

p in 

© 

© 

© 

© 

© 

o 

O 

O 

P 

p 

p 

eg 

eg 

eg 

eg 

CJ 

rH 

o 

MAMNMNHHHHH 
• • 1 I 1 1 1 # • » • 

H 

1 

H 

1 

i 

1 

i 

i i 

1 

1 

i 

1 

i 

1 

1 

l 

1 

1 

1 

i 

l 

• 

• 

1 

1 

o 

OlAOtAOOOOOP’O 

O 

m 

O N 

p 

rg  in 

© in 

p 

p 

eg 

CJ 

P 

P 

o 

© 

o 

o 

o 

O 

o 

o 

© 

MA^O'jacj'OOOW 

O 

H 

p 

eg 

o 

fg  p 

© 

fg 

p 

p 

O' 

p 

p 

fg 

nP 

p 

p 

fg 

in 

rH 

O' 

rH 

o 

n«g>N«HinMO(0-oin 

O 

M 

p 

p 

eg  eg 

eg 

rg 

rg 

rg  eg 

eg 

P 

P 

O' 

p 

rg  p p fg 

P 

fg 

© 

o 

fgcgfjegfgfJHHH  i i 
• i i i i i i i i 

I 

I 

1 

l 

i 

I l 

1 

1 

1 

1 

i 

i 

1 

l 

> 

rg  eg 

eg 

i 

eg 

• 

eg  eg 
i i 

rH 

1 

rH 

1 

© 

emoooooN«^<o 

H fg  ^ 

in 

© fg  © 

O' 

FO 

o 

m 

eg 

eg 

O 

o 

© 

o 

o 

o 

© 

O 

o 

o 

vff,‘©inf-pegP<rrg.H 

<0  fg 

<0 

rg 

© 

rg  cf- 

CO 

FO 

rg 

fg 

in 

p 

O 

fg 

fg 

rH 

o 

'7 

>T 

CJ 

p 

© 

IANPP«MHPM/)sr 

eg 

rH 

o 

© o 

o o 

o 

o 

O 

o 

© 

rg 

p 

P 

P 

P 

P 

rH 

p 

tO  rH 

p 

eg 

o 

hhmhhhh 1 1 1 1 

1 1 1 1 1 1 1 

I 

1 

1 

1 

1 

1 

1 

l 

• 

H 

eg 

i 

P 

i 

0 

1 

0 

1 

P 

P 

1 

eg 

• 

rH 

• 

o 

iflP(g(go^«HW^^ 

P 

eg 

eg 

r.< 

-«  P O' 

rg 

O' 

© 

O' 

P 

p 

O' 

eg 

O 

p 

eg 

H 

© 

O' 

fg 

P 

P 

o 

^pojHHirt'jirtinmw 

PN«OP«<»(A^^(g 

in  <o  cj 

o 

© 

o 

p 

eg 

P 

o 

P 

o 

O' 

o 

eg 

P 

o 

H 

o 

o 

o 

« 

H » J 

rg 

rg 

o 

o 

O 

O 

© 

o 

o 

o 

eg 

P 

o 

O' 

p 

© 

ej 

o 

1 1 » rH  rH  1 1 1 1 1 1 

1 1 

1 

i 

1 

< 

1 

i 

i 

1 

rH 

• 

1 

i 

c 

lAMAP^lAPNPMn 

P rH 

0 eg  o 

HinN 

FO 

eg 

rg 

eg 

O 

p 

O 

o 

o 

© 

© 

O 

o 

o 

© 

P 

© 

wiftoroH-oajnO'rtM 

H 

o 

r** 

P 

P 

P <T 

rg 

p 

in 

© 

p 

P 

eg 

P 

p 

rH 

O 

P 

P 

rH 

p 

fg 

o 

StlflMOCgNHHOOO 

H 

eg 

eg 

p 

P 

P p 

P 

ig 

eg 

eg 

eg 

P p 

P 

p 

O' 

o 

P 

o 

P 

© 

P 

O' 

o 

1 1 1 1 1 1 

H 

rH 

eg 

eg  p 

eg  eg 

rH 

o 

oefloflp^wtfiunttpN 

fg 

«-h  O' 

eg  Ag  © © 

eg  O' 

O' 

rg  P 

o 

P 

rg 

© 

© 

o 

o 

o 

o 

O 

p 

o 

P 

rH 

P O' 

P 

p O' 

o 

rg  o 

fg 

fg 

O' 

p 

H 

'7 

O 

p 

<r 

c 

p 

p 

P 

o- 

o 

roiflM(MrugooooH 

H 

CSJ 

eg 

eg 

m 

p p 

O’ 

© 

p 

p 

M ro  lA  N 

O' 

CJ 

p 

o 

sr 

P 

O' 

P 

p 

o 

H H H 

rg 

rH 

eg 

eg  eg  rg 

rH 

o 

000lfl0<fl^-0<0^«f 

r-( 

P P © <SI 

O' 

r4 

© 

rg 

p 

O' 

fg 

o 

O' 

to 

o 

P 

o 

o 

O' 

fg 

p 

o 

(Ow(MO^«y^cjcr>yH 

O' 

<0 

P 

P 

o 

N M Ki 

eg 

r< 

<n 

p 

O 

CJ 

P 

o 

p 

p 

CJ 

o 

Cj 

P 

fg 

o 

HCgP«OWCMn^MmM 

eg 

eg 

eg 

eg 

eg 

rg  rg 

rg 

rg 

rg 

rH 

o 

o 

o 

o 

rg 

o 

fg 

O' 

eg 

CJ 

p 

p 

© 

© 

<g  eg  h h h 

I 

1 

rg 

rH 

o 

eiAeoooNifii/iiA>c 

P 

P 

p 

P 

o 

o p 

ej 

FO 

© 

rA 

p 

o 

rH 

eg 

P rg 

P 

V* 

fg 

fg 

P eg 

rH 

© 

MHHO-fltf  «0-f  0<0<O^H^ 

o 

fo 

in 

m 

IS) 

p 

rg 

rg 

rg 

rg 

P 

CJ 

O 

it 

o 

P 

rH 

o 

© 

o 

CJ 

H 

H 

o 

o 

o o 

o 

o 

o 

o 

© 

rH 

eg 

eg 

eg 

rH 

o 

o 

rg 

eg 

P 

p 

eg 

© 

eg  e j eg  eg  h h 

1 

1 • 

i 

1 

1 

• 

i 

l 

1 

i 

l 

1 

1 

1 

■ 

t 

l 

I 

o 

OIAOIAOOOO<P<0<P 

<M 

fg 

o 

p in 

P p 

O' 

o 

o 

in 

Kl 

rg 

P 

eg 

© 

p 

p 

CJ 

fg 

fg 

P 

p 

P 

o 

^NOPWH^IAH^O 

o 

o 

o 

CO 

nT 

p rg 

rH 

r~* 

o 

p 

O 

rH 

f- 

p 

P 

o 

o 

sf 

P 

P 

O 

O' 

o 

o 

NOPOH0NO«lA<f 

ej 

H 

o 

o 

rg 

rg  eg 

eg 

eg 

rg 

rg 

rg 

rg 

o 

o 

o 

rH 

eg 

CJ 

eg 

P 

P 

o 

o 

egegnegegHHH 

1 

i 

i 1 

i 

1 

1 

1 

1 

1 

1 

l 

l 

1 

l 

1 

• 

l 

1 

1 

1 

o 

OOOOOPOOOOO 

in 

fg 

© 

O' 

P K p 

fg 

O 

rg 

© 

O' 

O' 

o 

rg  p 

O- 

eg 

eg 

O' 

P 

*7 

O' 

o 

ppoO'Nwego^Hi-. 

p 

P 

P 

O' 

rg 

r-*  <T> 

H 

o 

|g 

•7 

o 

p 

'T 

P rg 

P 

eg 

P 

O' 

CO 

O' 

p 

© 

MP^COPIA^OPIA  »oho 

o 

eg 

P P 

© 

FO 

P 

p 

CJ 

CJ 

rH 

rg 

o 

o 

o 

rg 

eg 

eg 

rH 

© 

o 

egHHHWHHHH 

» 

l 

1 1 

1 

t 

1 

• 

1 

1 

1 

1 

1 

1 

o 

OOOlAOOOOOOfJ© 

P 

p 

p 

in. 

o in 

eg 

r < 

P 

p 

P O' 

© 

fg 

p p 

eg 

eg 

rH  O' 

P P 

rH 

o 

h<j  HOinacon<o(oa 

o 

o 

cr 

p 

in 

P 

Cj 

rg 

<7 

rH 

© 

P 

P 

eg 

o 

P 

P CJ  o 

P 

rH 

o 

AppPoeOiA<tego«ON 

in  m 

eg 

H 

o o 

1 

O 

1 

© 

1 

o 

1 

0 

1 

o 

t 

o 

o 

o 

H 

rH 

eg 

eg 

ej 

eg 

rH 

rH 

rH 

o 

o 

OIAOOOIAOOOOOO 

o 

H 

eg 

P k>  eg 

rg 

rg 

n 

rg 

in 

rg  O' 

P 

fg 

© 

p 

<f 

P rH 

© 

rH 

o 

i«eOKgse»KU)WCKi 

o 

O' 

o 

eg 

p o 

in 

eg 

ej 

in 

O' 

p 

p 

CJ 

© 

P 

rg 

P 

p 

rg 

>7 

P 

o 

o 

© 

fg 

fg 

P p m 

© 

© 

© 

© 

o 

p in  in 

o 

o 

O 

P 

eg 

CJ 

eg 

rH 

O 

o 

*H 

o 

OlAOOOlAOOOOOOOPO' 

<f  eg  i/>  K>  (0  ift 

p 

eg  in 

p p p p rg 

p P r* 

fg 

P 

© 

o 

wwegNN^iftift»tweg 

CJ 

© 

O' 

© 

rg  co  in 

rg 

O' 

aj 

O' 

p 

p 

»g 

p 

rH 

P fg 

rH 

o 

© 

P 

P 

o 

Kl  H 9>  <0  <0  « 1' 

fg 

rg 

p 

p 

p 

p 

p P 

o 

P 

rg 

o 

rH 

eg 

eg 

o 

o 

in^W^rtegegegHHHHH 

f 

# 

» 

» 

1 

o 

OIAOIAOIAOOOOOOO 

o 

o 

o 

o o 

o 

o 

o 

o 

e 

o 

o 

© 

o 

o 

O 

o 

O O 

O 

O 

© 

o 

1 

i 


- ' * * ->  K)  W I 


•A  * * O’  * 1 


NHe»DN4lA<}MNH09(ON<OlA^^Ne««^NO 


g 

< 


s 


in 

i*i 

Ul 

5 

l*J 

o 


$ 

in 


MNM*JMCMc\jCMcv*.4«vj<MC\j*j*icJtJcjrNi<vtt<v<v<v<v«jAJ*j<vttfwru*«<vttcu 

»»N«OKtlANHO<O^NMA^|AN(g»N«M)NMANM^NMNtANH 
O ( M^<OMNH^NNj(\iO^N^M/»^«K>CaWNWWNWWWHHH»ft<CNN^ 

N h>«^tf|lf)^^KtlOKmK)NNNNNMtjN(4MNM^NNMCgtJM«ilO^U>« 

c\iCJ(\jCNjcvjrj(Nj<M<vi<sjrjcM«NjcsicsirjcJcJcviCJ<^<^<u<\i<NjrarjN(Mrvjrjrj(vi<si(viN 

^^OOlft«K)NHHW«CH<O^KU\JJfl»lAHCrtN«ON^)^NHMft^^OH 
O N^H<0O<7^NinKtH9(0«lA<tH>MHHHOOOOOOeOOH9OrJK)H 

4 ^-fi<6lfl»fl«J^^K»H>MWNC4WNa(gCgWNC4f^NWt'<WWWNWfJ<»ir>«ON 

ONOJMUCSICMftjrjMCSJCNJNeJNMCNJCgCgMCUCMeJNCMMMMMM'MejCNJCvJMCVi 

Wtf|^H^N^rtHN^^ON^HOONlflO^KIfrlftNOOKI.tOHKi^lOO 
O f*  lAH«OO^frMnKlH«KO^ifl^KlMHOO^a'«<OCODtO<OaiflU>N<OC<0 

I ft  -4Mtf-tfintft^K>K>WrtWWMNWNNNNNWHHH««HHHHNW^m^N 

MNMNIVNNNNNNMMNCyiNNNtgNNNNNMMNNNNNNMNNN 

NlA4Ni^H»S^Kmif|NHlAHMAMN0DNNMNe^NOOeHN(O 
O ^^r0<0(J<0H<0^^NO<0'0^K1WO^(0N-0»ft<tWWWirNOHnift^inK1 

MN<VJ<V<yj<U<l<\J*J*J<V<VJ<VA4CVJ<NjrkJ<NfrvJM*JCUOJCUrj<J<NicvJCUejMM<U<MtJej 

HlAHMIA<OOIftM(MACgQ(M)N<«t/)IANOH(yJ*tHM^N^9‘<0OM^<«N 
O ^MAO^©K»O«»AK>H^^^cy|OC0'O^»/'H^N'0'4)<0WNM^»‘HfJH^ 

M /^^^Ifl^-J^KlrOMMftjONOWHrtHHHOOOOOHHNrO^^lNfiC 

NNNNMMNNNNNM^MNNNNNCJtjNNMNMMNNNMNfaNNfyf 

NN(M^^MMO<te«<tH(OlAH«H^«NNNN<0(yj<OeHN^Kt<000'« 

o r^flOu>Hu>o>tp-»<rr>*vy<MOfV4/»K>oco*A^j^«^K>^y‘»*<in<Ma‘^>acvj<f'Oin*y 

N ^^'C>OIAin<f'JWK)MKmWWWNHHrtOOOOaOOHHNKIin«N«a 

NMNMtvCyJMCytNNNMCJMNNNMNNNNNNHMrjNNNNNM^NN 

/,  ^ONNOOlAHNW^<NNH<fNo(MfiaN9‘-tlftO^N^KI^ONOH 
O v .>hN^HlftNONinWO(OlftrOoMftH(O^HN»0(u<rH^^OrO^N<ON 

H -6  -O  *0  0UUft'»'?'fK»WWnWNNNHHHOOO0>a0‘OrtHN^Ift^N<0^ 

NNNANMMtMNNNNMCiNNNNNtjNNNHHHMMNNNN^NNM 

lAONOr  OW^h.  N<OvtChJftP'W^NaNW^NNfACHOarO(g^-»HWK( 
O HO^N>flH»ftNO(0lftMO<0lM^ON^H(0>fO^^v0K\rt<0«0O^^flC0N 

NN«4lAM^^^^f0mr0NNNNHHHOOO9'»tf'OHHN<flA«M09' 

MNNNNMMCyiNNNNMtgNNNNNMAiNNHHHMNNCyiNNNMNN 

rt^C^^(0HM0a^N<^(fl|04)(0^»«NNN^WW^<0O^NONc0»fl 
O NO«H«ClANOMAKtt>(0tn^ON^H(0«OMANKtO(0<6^^«NN'0 

NMNMMN<V^MMMMA/A/NAffy)A)rJ(gNMNHHHfgMNtiNNMNNN 

o No^Hifla^fjo-MnfJOMniooNi/iwa^MHU'o-jo«oincOHvy.o>oin 

N NN<<lA'l<r^^^WlOMfJNfJCyjHHrtOOOO^OOHHWI'l|fl^N©^ 

MNNNNNNMNMN(ylMAi(viNMN(J(g<\iA)MMHNMNMN(\(NNM(yMN( 

^N^OeNlAHlllAN9'IAM»MA^^lANOlAMlOe«N<tKtH^NO«OH 
O W^lfl<T-f(OWOMftMO©^rtHaMr»WrtO(ON^-cSH-ONI/>(OHMWH 

n N^^iTJfl'J'J'l^rOrOKItJCJCVjNHHHHHHOOOOOHHNn^^N®®' 

M(MMNNNMNNNNNN*iNNNNNN(yiNNNNN(4NNNNNNNMN 

lfl^fO^»n«fl-«Wa'»AWOtONNOIft^K>»ftO^Ha'lflN^WHrt^©K»<0'JO 
O HNK1NHW^N^CJO(OtftWHOCOf'^WU)«t-t»OM»#»M^^^OK»^SMf| 

^ M<lAlft>fWWMlOK)NNWWNHHHHHrtHHHHHrtrtHK»^UI<()Nfi 

MNNMIMNNNNMNNN«j(yiNNNNN(yi(yiNNNN(MMNNNNNNNM 

Slfl^^^K>Wfl)^NHOW^WOOK»a<6'0©NNO»0<fWN«Ce‘rt^O^I' 
tf|O^DN<onHO‘M(mHO»<ON<C'6<OONN<0<0«MO(0«O^M>HON 
IA  «^^tf»^-7K'WrONNWNMCJHHHHHHHHHHHHHHHWrO^^)NN 

MNNfiNNNNNMNNNNNNNNNNNNNNNNNMMNNNNNMN 

O NNNH^QNONl(I^NO<MlN««lAlAIA«N(0^OOHOOH0'NKItjO 

<4>  «4iAlA#nnn(yMNNNHHHHHHHHHHHHNNNMNNN<|M'ON 

«l«(MNNNNMNNNNNNNNMNN(yiN(4NNNNNNMNNNNNM*J 

O !Aa«NHtfC«>JNH^N^»A^^KUANK»n4lAN^OHHHO>rA^lMAW 

MMNNMNNMNNMNM«i(J<VMNNNMAMyMNNNNNNNMNNNCyi 

SOf®WI|ft»oiMft^rtNHOfrlOON«^|«»OINO»OON 

hInmnmmnnnnnmmnnnnnnnmmnnnmmnnnnnnnnm 

w OM\NON®^MNHe^0N«lA^^NHO»CN®®|MNe0®lNO 

h W«flfK)lOmlM®®NNN«|NNNNNM.  ^HHHHHrtH 


A - 14 


NN<60ON^«N^Oin^rA(gHOMAfOO<Oe^<6COa^NNOO(A(g^(g 

KhOH^W>J^lAin^^lft^MWHOOOO^W^OC'OW^O-OOlfl^^H 

CNJCNJr<>r^rO»o»or^»«>K>rifOror^K»roK^ror^K>Ki<NjrOK>K>r^in^)r^<oo^O>J-4f»vy 

• I l • I • I I l I l I l • I I I I I I I l • I I l I •*  I I * l I*  I I 


HHfrNlft<0«frOHHWOMftNO^^(0(0r'W(0KlOinH(0in«0^ptatf. 

^>^^)f'»fsNNN(0<0<0<0<0NNNN^)^)<|^)^Sh>(00'H^O^OOO»f(AN 


I I I I I I I I I I 


I I I I I I 


I I I I I I I Ir-ti-l'H'HI 
I I I I 


MlA«IAHHH«N»NlAN»(AN»N<tNOnHeCUt^HNNeOO^^(ft 
NWN^OW^W^N^ONfOONtOWNHHOS^OO-t^'yH^OOH^N 
• 0<h^OOeOOeOHOOO^a»^»O>aaOHtJtACN«^HHH(M/) 


I I I I HHHHHHHHHHH  I I I I I I I I H H H rt  H f J ^ I H H f i 

I I I I I I I I I I I I I I I I I I III 

lAI/tOlAHHH^N^NIflM^lAN^N^NOnHeailA^HNr  <*00«0<V^> 
WCJO-OOW-flA^Nff'OM^ONrtWWHHON^OO-ja^.iaoO.firiH 
©Da-O'OOOOOOOHOOOfra^^aaO'a'OHCJincOfJ'OOHHO'ON 

I I I | HHHNHHHHHHH  I I I I I I I | HHHHHNN  I N H 

I I I I I I I I I I I I I I I t t I t I 

tfllAOHM^4UI^^NOM<UMAH<0^e<AK)|A(OrtHO»(H)OOOOlOO 
(jrjH»oi/iHN<rHCOinfjas^NOMAroocD(Ocoaccjif,  okiooooh(> 
^01OOOHHHHOOO»<h»<MM0«(0<0N»HMlflM)ff‘HrtHHHMH 

I I HHHHHHHHHH  I I I I I I I I I I |p4H*4*4*Hp4N  H H 

I I I I I I I I I I I I I I I I I II 

lAlflN01N^^«HI/ieHHO»®N'filft^Mfg»OKUOW«WOOOOOOH«0 

lAMNN0lANMKmn^|/l4>«N(OO>OHNinO'tflH(O'7«OOOOOOCO>O 

K>K\mK><sj<sjcjcjM<sicucjcg(jcsj<Mcgrgr^r^Kiro>oo^io<>r^rH^rHr-4r^^«ror' 

I • I • • I I I I » I • I I • I I I I I I I I M M #-t  I |*  II* 

I I I 

44><OlAlO^<f<r<7^^^^^^lAUnAl/UAtnMHNKHMNNlOCOOOOOOIA 

0000000000000000000000<NjK>|/l<«'?MOOr-t'Hr-'r-lr-(0 


I I I I I I 


I I • I I I I I I I I I I I I I I I I I I I 


K»NH^NOl0^lflN®^H«t^«HWlANOM^^(0H^^OOOO(0lftO  : 
>^OMCNNNNNM)«OCO<0(MM>»OOtf<OCJ^Kl^H^OON^Ow 

eoHeeeeeooooooooooooHHHHNNHoooHHOOHO 


i i i i i i i i i i 


i i i i i i i i i 


^<O<O^HMAncyiMNMlANertlA<OHK\<O^MI/)0KlN^N<O»lA9>^OH 

hrtfOK)WWWWO(JNM<\JWWrtfOK>^^<r^^N<OCMnoOHOOaOinfJ 

0 o o 

1 I I 1 I I I I I I I I I I I I I I I I I I I I I I I I III 


ooooooooooooooooooooooK>rvcj^-<f>i-iinocomiAO'r^O' 


I I I I I I I I I I I I I I I I I I I 


I I I I I I I I 


NNNHHHOOOOOOOOOOOOHHHHHOONNNHlAOOOOO'rO 

OOOOOOOOOOOOOOOOOOOOOOHNmrOlONNHHHiHHOO 

I I I I I I 


^-KCH^HKNC^^KlftrtHfrMftrtH^lONHN^O^IflOOOOOO 

NNIftWOMMrt^CJHaOHWnW^lft^NNO'ON^^HHMOOOON^ 

KUO^rOinNHHHHHOHHHHHHr4HHHfO<CCO-4)^NHHHHHHtr 


f-tW^-OHIrt^NC^^N^NONtfHWOMflCOrtOKI^^^OOO^JAW 

aff-NO<fHNrjNWNN<0^0-OHMOa'-JONinMOSO<rNOOOCOCDO 

WW^-IWWNNrtHOOCh^JMXONN'O^^lOOftl-rrtMNHHHrtONO1 

HHHHHHHHHHHH  rtHHHHHH  I I I I 

CONNHlfl(OOHWlftNWO^KI^ONK1<t^^WHe«OanNOOO^H«J 

NttQ»HO9OOOOOOOa»(0(0N«IA«ON<0HI0|M)OOOO<6K)» 

o<M^<jiA'JNWWrOfOwroiowMwwftj<vjwwcjroKi<r<(OorOHHrt»nO‘>o 

HKIHHHHHHHHHHHHHHHHHHHHHHHHHHNN  I I I »H  M 

MttH40-tNaHKMA<OKt^MHOO'OHNK)NNHO‘(O^OttOeff)N(0(0 

Ctt»ONHOOHHHHHOOO(MO«N«IA»nNN«NOOOOlON«« 

OW<JlflW>J^MrOK»^lOfOtOr<1KlCJN<\iWW<VJfJfOKIvy^«3HnrtHOKlH-0 

HHHHHHHHHHHHHHHrlHHHHHHHHHHHHNM  I I I H ftl  H 


H«HNsr«<0(0«0(00(D«ONNN'«<OlA^^40>NNMe^^eO«)OHN 


w ONUlPJOMfltf^WHOaCNOm-tWWHO 
H lft^^^-»K>rOK»rtWKtWNNWMWNWNNtJ 


KFF  (IN  UNITS  OF  KNSQ/SEO  FOR  APRIL 


O O CD  « N m ^ N » N Ift  o O « « t ^ i*  tf  K d'  »'  N Oi*  O i»  N (»  ».»  wt  C> 

o<OOvy<Oi/iNHOo»e3croHfj^^ifl^Nft)N^iiwjvi>ruwv^^u.oo 

OrtMNHHHHHH  HHHHHHHHHHHHHHHHHONHH  o 


O 5N«lAWWWWMW>f»rt»ANCO-OHru^^lftrvjNHlAO^Pj^N>^P-o 
O o-  .'iHKll/HOH.tNOHWM^lft^DaOHN^Ha^rj^^OOOtONo 
OH^WN^HOO0'<0<0^C»<-*<JK>^lft^)(0^C0C0(0N(C)0-^O«sy^^^O 


INNHHHHH 


o^hoonc 


OMftHNNC'J^lAO'fl>f^HO(0N<^K'N^>0<>(f'NNN^(0-?C>0‘NO 

OHN»OC0/^<0ONMHPNinNO(0^«yNNK>^ti)N^O.yOlM'H«O 


^-#in(OOK>iftV'H(Mrp.o 


OlAfT  NNNi 


IMWWM^WHHO 


>NI/)^M<tlAMHa)IAM<tlA^N<0^HNM^«0NS^(0(^ON<tNNUUAO 

!(k«0O>Jlfl<0WtfK*(MftN^HK»inNOW-#^L'llfl<tH00lArtoS(0aknHO 

*»'*JUNJOCO«f'N'tf'Alrt^«?WWHHOa«^OH(ONfjNrjN>£.HOrtO 


ONWNWNHHHHf4HHHHHHHHH 


H H H H N fti  I 


K>NHO 


O^HKMONO  4NW^^^COON-J-O^HW|f|^WHlftH^WNCi^Hff-<00 
o^cvjfvjc\i>jir*‘Oro^)a“<sicost»^r^K»0“incj<OvrcjocOvrir»in>OvOc>oof^cvjo 
oo(0<c>y^cvi<vjHoaO'cooo<oNN-o>0'D^iftNcroK»^iftHNino«o>OHO 

ONHHHrtHHHH  HHHNKIHI^^fJHHO 

OO^HCO-jOWlftNOWM^m«0(OaOHNK)^KI^N>OW>JK>OK(HO^O 

OMH<0'?^WHO^0'(0<0«)®(0(0<0a^^0>Wlfl«0<0C3(0C0<0r^O0'HNO 

OMH(0<6lA<f<9<t^^fl>^^K1KtKtM^rOK)K)^<OOn(MAfNN^iMAHNO 

OHH  HHriNKIfOlOOJHH  O 

OHHNrt^O(0MftK»HNNAjrtrt«t^tf^«t«rtNNrt<M/»HN^«/OHO 
o o co  >o  u>  >y  to 


!>Ol^lONNNMNN(yMMNNCJ<f<6N^N<CO>NCOCyjMAmo 


OOl>^HO^<\J^OvtN’6'0't<t^NHOaC0KH0M^4<tM»K>MNKtlAO 
O CO  si  -•  CO  3HHOOa(0(0(0<0C0<0<0C0ONNN4«l/H/Hntfl-ti/ION^OO 
ocor^j>y-.-rOKiroK»csif\jfjrj<si<Mcgwcsi<s«cjc'jK»^vft«^r^coO‘OcO’OK>fsj«Njo 

O H O 

O\aa<0N^N(0OHKMftC0H<t«00>H«tN0'HKM/»C0Mft>tKIN<^Oa'O 

OlftOCMOHfONHHOOOHM^lO^COO'OHNNSNCO^Oil.OCOlflCMOO 

ON^^KMOM^CSJMNHNNN<\iN(NJM<Ni^MK)^^lAlAONNtfiK)MHHO 


iM^O'HOCO^OOHAI^IftN^HKUONC'OlOO^WlA^O'HHKI^NWO 
• ^ONirt(MgHHO»COO>OHN^lA<OMOOl/)H^NO><O^H-}<0^0«)0 


ONK»NN<0HO(M0NNN<0^^OOHNW^l0HOO^N(Mft«0lMANcl)O 

O<0H(0<04MANO<0^N(0^ONl0^tA^NNNN0'0'OOHO^<0>fSO 

O»C0lAK)Np<HHHOOOOOHHHHHHHNM<|lf|NOM<tOS«KlNO 


• 'J'ON<OHIflOlftH^HNrt-J-tlO-«NNtO^'rcOK»KllO-J'TlOKlHK»CJNI 

iK»iS<M^rs^^w»^Ai<ur4^irj*MCvwMc\ifsieM«Tior«*0‘K»r^»HinM-®or^iftc 


OWCO^HHO^  WO1 

0<yWlf)(OKKONN<0^-00 

ONOlOOCOm^WCJHOO 


t*  # # # its 
<t  <0  f't  >C  O 
O'icONN 


HHMNNHH 


sTCOCJ-OMCO'tCO'tO-OCJlOKIHOC'O 

-OlOtfl-J-ONaHMOCO^^O^NhO 


OKIION  ft!  HHHHHHHH 


OH4)N^<tCOKHO^(OM^K>NMNHHHHO^N«)lf)OlAO'ONNNNKtO 

OC0^'tNOMC|<0«J<MflWC“0KION*TH<0U>*l<trtM(0W0'«J<C0rt^4)O 

OS^MoMOK)WWHHrtOOOOa'CFa(0<OffOHM<j^»lOFUr^^OO 


•6(0(0440 
rocr  4400 


INNNrtHHHHHHHHHHH 


HHrtHNMI 


•f  M N H H O 


lWlrt4<Ofl)^lOH4N<ONNH40lA^»0«NH^Ol«Na'W^«OW4'taO 

l4N(n^9‘^^^KI(OMlANOMinN^N^N4^lOONlAO>NNHOtO^O 

lOt404»tfl^(0(gHOOOHr(HHHNNNNNNM4^M44IA<ltflOO 

iMlOlONHHHHHHHHHHHHHHHHHFlHHHHrtNNKnONHHO 


OmN^44lfl»-#«NNN«<5««^iJ?>t5'tCOOKnflNO(0^«NO 

O»flHO0*CflH4MM0<0f0«K>C)(0OWC0l0C04l0HMON^H(0aHN(0O 

O^MAN4OMANONN44iniA^^^MNNNNN<flANaN«Hl0(0O 


O^C0MnOlftNC0^H«4lftWWH^t0N^^rtNHWNHHO^^<0«^O 

ONC0OWNH(0«J4(0a-(0r'Hl0(7'N4O^C0l0NC'0'Kir'Hin4l04N-tO 

O^r,*-0'^<0K>OK«^»-<c0C0r^NOirtlA'^'»K>CJCMfJ^»HK>s}-4r^4C0»-«K»C0O 


ooooooooooooo 


OMflNOMO^(OMHO^«N4(0^(ONHOfr<ON44>fK»NO«4^WO 

lA^^tf^lOKlrOIOlOKIrOMNNMNNNMNNHHHHHHHHH 


A-  17 


, , \ r 


•<rrv<>-cO'?«?<u»^cOr'«r'->'6fvjcorjcOKtcMO><Mrvcoocr‘COoifk*49>c>'0'Kti-(.HKtf>j 

o oo>?^cjHHKicjf\jin^cot?'MkncoNin^rj^KiO'i)ir)inKiy£)>ofOt\jfjvo^ifi 

4 HHHOOOOOOOOOOOHHHHHHHOHHHO^(0<6^4OOOOO 


CO>t^NK5^NWM(OLrtfJ«jHLncufjWcncOir>HrO^<OCO'J'?H«y^>JO^^^ 

WWO^^N^>JMOl/lH^NOn^rOfJNfO^NKIC^aM^lft(ONKlNOO 

HOOOOHNNMNHHOOOOOOOOOOOOHin^^tOHNOOOOO 


N(M>N^>fl<0«K»ON^OI/»HHlOrtrtinirtO«NMftHNiA^K>^N<grtrt 

K>NOHlO(rNU)CjNOlflH^.tfjHKt^«JKlfJ0^^1flN^CMnKIOHKMOO 

HOOOHNK)K)KtNNHHOOOOOOOOOOOOK)fOMHH(JOOOOH 


4^^<t(,J4U>(ONHN«O^ON^HO(MCOn^Ol/)H<t4(>H^(\J»<ON44 

MOOH(M<1(O^^WNhFiHNK>rOHHCJrt«M^N^^NO'00»M'®MO 


rtrt^O-jH<0NNC0^MinK'HKO^H^^«tHN^H^NMlftC‘NN^KI^ 

^HlflHO»N»<JOirMO^OOO‘(0'fNOHCJtfNMNMHIfl(Jrt(Jlfl-i)(MO 

HWHOOOHOOOOOOHHOOOOOOOOOOOOHHWK1HOOHH 


N4N^'J4C0N^^N«MN'fl-tH«0WaNlft«0HHN4NO»HW^^H-0 

©C\Jr-«©OOOOOOOrH#-*r-4r-t*-HrHOOOOOOOOOOr-<rHOJ.-HOOOOO 


^HN4WWN»WrlN^^NfJlft-tH4^«»NH«OH^ONHNsfN(OHN 

OHOOOOOOOOOOHHHHHOOOOOOHNNfyiHHHOOOOON 


(0HH4MlAN4lAH4l/|N»NNH49'^<DKI^^9-^N(0<0HOOMAN« 

w^o(MnoKirtOKi>oa‘fjMKiw(Mn<'jHfjinoioMnr. 

OOHOOOOOOOOOHHHHOOOOOOHNK)^^-f^^rjOOHNN 


HS^MMftO»JWWrtO(0HNWtJC5K<ON^Jfl0‘(0-0-0H^rtlAinwfjH«fl 

MlflinNOlftMM^inNO'ONrtONKlHOOHKt^K^fjHlftrOH^OJNM 

ONNHHOOOOOOOHHHHOOOOOOOOOHCjrOlOKUgOHHHN 


4NN^HOlA^<0<9lAOOHOOKtN<tO»<0(00><COH(0N<6^l/)(0^Ort 

HNO^-6WO-N«OlAlfl'ONtO#N«tHHWK><T(ON<OmA«ycjHN^^MlftN 

0^>yCJrH*HOOOOOOOOOOOOOOOOO<\/^ir>v*K>rOrOr-»©0©C«Jkn 


N^rt©NlftHNWOUUfl4<NilftHH«0{rNNN<0>J«0<VJNMM^HaaKt©0‘ 

4»0O<0<0Ntf\NO(0NNNMflf0OCjWMK>Mvt^K>Min-COHOHW(0«r-0 

0<OIA(JHHHHHOOOOOOOOOOOOOOHlO|f)<o<o<6lAK)HOOKtl^ 


Mtfl*0O<0e0N4>JCJWfJfJ©S«?HOOHHNIfl^ONKtH©Ol0^f0Ofj<D 

ONUirOrtrtHHHHHHHrlOOOOOOOOOOOOOOOOOOOOOO 


lftHMWNNO>CKlK10eO^O'U>HMoeOO^lfllflCO>tinfl)WNvfOK>K>«ON4 

<00>tNHWfJNHOa'(0.0'JN^Mftlft^^r'OOfO(JlANOK»fOHH«t‘0 

O<0-fiMNNNNWWNHHHHHOOOOOOOHOOOOOOOOOOOO 


MlftWNN<g»ftOlAHOWN^NO©<r)HOlftHOlftK>i/(NNH»t(MftHOfJS 

rtaN<OKIW^4^WON^N^Nift^WOMAlft^'fi»OOOWWN'OH«JN(0 

H^U'lMWMKIrOMfOKIfjrjNHHHHHHOOOOOOOOOOOOOOOO 


^4»/l©HN4NK>NOM^(0HPJ<0«C(0KICjao©^a4>0lftNlftvjHMft'0 

^^ift^NH<ywoinfj(Ow»ocgHC'coN(OvrHHHcoNW«twooo©oroin 

H<jrOrOK>-J^«J>TMnwWWWf«JHHHHHHHHOOOOOOOOOOOO 


<NN49^O(0lAOeN9‘MA<0lA4)4^O0'^OlA^NN<0N0-4NNOI 

ini/>ou>iHi/>^r0cMor^K»a‘r^'4'0'0'0'0ir>>y»HO0'in©mrs'mr0rHCsir-t©©© 

HfgWNfOKIfOrOMKWMWHHHHHHHHHHHOOOOOOOOOOOOO 


HN<t00H0^^4lA 


fHfHroNiA<sj(vi^-u>r<j^><or^r«>irfr^coco<oroKioi-4^co 

©«^UMft<ONN'OIANO«y<fl»ftNO©HOrtrtOWO 

r-(00000000©0000©0000000©00 


>0000000 


eMANOMA^rtNHO9(0N«lA^>0NHO»«N«lA^l0(gO4«<tNe 

lft<4^4K»rOrtrtrOW»ONWNNCJNWNWCJHrtHHHHHHH 


A-  18 


LATITUDE  (DEGREES)  NCRTH 


o 

CO 

H 

H 

§ 

Z 


OOO0‘^K»ONWM^OIfl^^HOC0«0OONN0‘NKi.g..^^K»tfN^OO 
O aift^^lOHO'tKNN^OrO<f^^vfWa^(OHHH^(OOIftNtfl<J<£ifJOO 

C «Ha--0-jWHNW^lfl»ftlft^K»WHOOOHHNWNHOOOOOOOHHO 

HH  I 1 I I I I I I I I I I I I I I 1 1 O 

r*&0^<3'0'&r-*r'*C>0G000'0‘~tOOC'jO‘<t&Oi-iOOCOr-iO'ir'trtO>ttJO 
•*  <tNOOlfttflNift(0<0NN(M0Jrt<DKUMftM0,ina‘r0^)0'fJUiHNWNCJOHO 

N Ifl^^'fWH^MOO'OrtHOO^CONNN^^lOlft^MMfyJMHrtOOOOO 

I I I I I rtrtHHH  O 

(OH^^H^^JftO'H^flJOlANfOONOO'O'^HN^HlflO'fJWWHlAO^O 
O ^)l/>H^»0^OH©Wlft(0rt(0tfHt0lftUUftNOK)NHtfiANWriNvfWOa‘O 

<0  K»^Mfir^Ml/llft<f«JKlWWHHHOOOOOHHHNWWWM^tfUnUl«jHO 

© 

•»HOOlft-0lflNI/\M)l/|N(0lfl(0H>«>0WWNNO^lft<0*lNa'Hl0OS4)O 
Ut  NOOOlftNOHNnM^iniMfllfun-J-T-yMMNNHHOHWhlfl^-il^rOC 

HH  • I I I I I I I I I I I I I I I I • I I I © 

(0^»IU>O^MHWIrtW^<0N<0HK>WH^rt(D«f>«tO»0<0NOWNWK>C0NO 
O HHHlOQina<|(OH<7<0<OOHMH9'<OHNNCjlA<£HHO<OONOOO>00 

^ a<ONiflWOOHH<UWftJfJK>K)K*JOfJWfUHHOOOOHKI«yU>K>cgOHOO 

• I I I I I I I I I I I 1 I I I I I I I I I I O 

(KHOff‘O<0'J(MflHlftMWW(M><0^HO'0N-0'fOOOOOOfgONH>tO 
© «OIA^OWPJW»OMNOOW^O^^>0'JHCON(nw«7fJHOOOOfJ>OCJaiO 

■O  CO'TrlOO©OOOOOOOOHHHHHHOOOHfjrO>JU1>oNO>(0^incJO 

I I I I I I I I I I I I I I I I I I • I I I I I I I I I I I »(  O 

»O^O(0lflHOtAONKI^H»ON^NNHlAOOOOOOOOOOOO(0O 
O Wrt(OwrOO‘<OMn^<MO(0^rOWOOHMO^^O^^HOOONK>H»Owo 

(Si  <fO*\fMftJHHHHHHrtOOOOO©OOOOrt(\J(0lflr^ON'J(0>flK'O>0O 

lllllllllllllllllllllllil'HiH'H'HrHrHrHIO 

I I I I I I I 

<DM>J-0«0(0(>NO(0ONOHHWN^HWNOW<0K'(0in(J'tg&-OOf0^fJO 
1 ' .•a«0HOH(0N'0MHN^O«O(l)if|<rMO(iHHHOfJ(DorA|\0-N0'OO 

» . C Wlfl-Oin^nrtWrOrtfUfSifUHHOOOOOOOOOOOOCjWifl^lftHOO 

* I I I I I I I I » I I I I » I I I I I I I I I I I I I I I I I I o 

Ki^,^r>.<si^)r^^K»ir\vO'H^)a‘inr*‘r-«fOr^©*H^rv^<Mo©©©©o©oo^o 
O NON«JOHNK»^rO^^H<faiftrOHOH^NW-00(MOONOTJ(0'ON'JO 

WN^<ON'(»lftlft'J'JWPJfgp100000000HW^Hlfl(O^W4flWCO<f<00 

I I I I I I I I I I I I I I I I I I HHrtHNWWrlH  O 

^•fiMHIfl^M^^lAO'aN^OMftO^WWOCOcOH^^OOOOOOOC'O 
O HHO0'«(0SlflW(0W<0WC0»ONfjfJiANa)O'acr^^WlA^fJ^^rtlAHO 

H ^)(0^Mf|'J'J^'JK1WfJWr|r(OOOOOOOOOOW^H^OM(\l(0M(0O 

I I I I I I I I I I I I I I • I I H H N (VJ  <U  H H O 

(0OMMaOrtH<0KI^N<rftJlftN^^»0^O^«tOOKlOOOOOOOOfrO 
© W<J©OHKiaO'(0<ONNN'(M/>^»ftK)K»|ft(0©IOHe'0>fOOvtOl’(>OtflN© 

(Si  lA'0'0'TK)NHHHHrtHH/SHOOOOOOrtH(SjrO^)0>ySa'H(Cl«JHNO 

• I I I II  I I I I I I I I*  I i I I » I I » I I I IHHHHWHHHI© 

I I I I I I I I 

HNHOO't>OCOHCg»/l<VJOWlftHOO^HWeO(Ovt^HHa>tvO'Od,lft^'tO 

© fOf01ftNO^H«lft©H^<ON(OONK)^^MCS)fJlft^OH^e‘NO‘OlftlAHO 

to  ^WOHrtO©©OOHHHHHNWN(MMNfi(y<OMin'0'0«ONNNN^^O 

I I I I I*  I I I • I I I I I*  I*  I I I I I I I I I I I I I I*  I I I I I I © 

© ^ro^ro^^fHinoirt^MCsjcjfHAHfO^i/jiAEooin^^^tocsi^oar^^rx^o 

^ rOOm«r(SIO©OHHH(Sitg(SiNN(yi(Si(Si(yiNNHOOOOHHNNnnNHO 

I * * * I I I I I I I I*  I*  I I I I I I I I I I I I I I • I I I I I o 

©^©lfl-0(0^HNfOWHHIft^^N^(0-C(0«0*tN««fi«)«0HlflH(sjO‘H«0O 

o aa‘Kimin-tinoa-oi/urun<rwos^ofjincooO'MntocjHHaN(OfO>to 

l/l  ©^)WAiO*^fONHHHHHHHHOOOOOOH©©©OOOOOHHHOO 

I HH  llllllllll  O 

•flaOWOlftOOOOCOO'WO'-flrtWNHHHaNnNWWJAWHNO'^KJW© 
O OHHN<fN<(lN<6M(0K»Cr«yo»ftOtf(0W^aW0>Otf|^rO|A^«J^NHNO 

*C  fH^^^idfHO©OOa*0'«0©©l^r^«6iniA^-»did(Si(Mdi(M(si(W(si(s/rjM(s»iHO 

© 

^S<a©WOOOOOOOOOOOOOOONOKINN(OOHlO^NMMnO 
O HWtftNa^N^O'O^OIAO'WNW^H^HlAHCONWOinHKI^HChOOO 

I HHHHHHHHHHHHHHHHH  © 

lA©H(0OMOe©©e©©OOeO©O©©4)«iA<MAN^lA<tNNMAM© 

o »r»idesi^iH«oid©id*y©^sf»dcj«>j«y©^©id<o^P‘©»o©^<Hior*-©NO*»do 

#)  ^rtN^WU>N(0«(0«N^lfi^WNHHHOC'«N«lA'INWHOOO©©© 

| HHHHHHHHHHHHHHHHH  IIIO 

r OlrtOlAOmOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

£ oi^iAcsjoi<tA'±rocsj»HO©«orw©ift'?’Ocvj«-(oo'«oi^^>iA'*rocNjd<0'6*(sjo 

H IH^^*»^WWW»<>iOK»iO<S/(Si<SiWWWWWNNHHHHHHHHH 


A- 19 


wvanaawHa 


w « 


ONONO<t>fHHW^«ONNrtHON^H(ONO'H<IOaO'WKI^(OWH<04' 

NWNOW»00<0^^aOO'N^lO-JK>NNHHHfJtJWKlN<jOOK>in^^«J 

««0NN^JAIft'J^^^*JWK>MrtK»WMW»OrtWWWK»K1K»K>KlWW^if|^N 

MCU<NJ<M0JCNJ<\JCJ<NJ<UCNJC4<\j<\J*JCSj<sicM<MCSJCJCJCSJCJCJCgCVj<\j<MC\JCJCJCUCJCJC\J 


ON<OHeifllONMK)<tlAcONN^NKttfte«tANNa<t<OHNNOH(00»^K) 

WOlftO'Wtfl^MAWHO'N^^KlWHOOO'ff'^OOHHHO'NN^COOOO' 

€0<0^'0'OlA^^^^^MKIKlK>fOKIK>fOK)fJCJNnfOlOK1fONNWK1^-ONN 


MNNMNMNNNNNMCyJNNNNNNNNNMMNMMMNMNNMMNN 

W^^COHO'rtNHHHHW^JO^HOH^HOO^WJOHiftWWOHCOKI^CO 

O'OWin^CJNinrOHaNlflKtHOO'OON'O'O'O'O'ONNCOI'^kAa'OtVJ^-jrO 

NNN«Clrtin'J-J<f>JK1fO»OMK1fOfgfgfJ(JWCJCjafJMMWfJMCJ<JU10N« 

NNAMyiNNNNNNNMMtyJMMNNNNNNNNNNMCylNMMMNMNN 

W^O^®H«NNN^^NeOWNrtOOO^NHNNOrt^«lfl^HOtf»^rt 

lArtaNlftO«tWO«^<rWO^N^in^MfJHHOOHHHHrttJLf>N(0(00 

r^rs>0^)i/tif»>j-^<j,iOKirororocjCNjc\irjcMCJCjcj<\jcjcvjevjcjcaeNiCVJ»o>yin«orv<o 

NNCyiNNNNNMMNNNNNNNNNMMNMCMNN^CytNNNNNNNN 

♦ ^W(OWO^OOHKMMflNOH^^^O.OWlftN«taO>tO(0-J«DSK>«(0 
WO«0^KX0WH0-MflWHa«0-0-tCJHO«Mnr0NHKMfl^Kl^a'HKin(J 
NN^l/UA^^^MKtfOWrtWWWWftJMNHHHHHHHHHN^^^N©^ 

MCgNAJNNNNNNMNNNNNNNNNNNNMNNNNCytNNNNNMN 

O0'>JC0N«CH^Nin^CgOC0NlAKtH0‘Nlflr0oN>J>yNM<0tf)0'fJin>£)«f>'C 

N«<6lAtfl^^MKimiOK»lONNNNNHHHHHOOOOHH(gKUA«N©0> 

NNNNNCyiNNfgNN(SINNCyj(gNNNNNNNCJNNNNNNNNNNNN 


fOKON-JW^-J 

©(OWNH«OH©N 


NlftKINO(0'0-JWO<0irK>O'flfj0'^WH(0«0OKI^C0(0N 
rtK>fONCJ<'JMNHHHHOO©0'OHHW4,W^)N(00' 


NMCgNNNMNMNNMNNNNNNNNNNNNHHNNNNNNNNNN 

©MNN0lA<tKt^^lA©N(O^e^«OMNO©©<tH©N^ONO'OM9-^<6 

O^^C0H©H©MftWH©MA^H0'N<JW<0'tONNKlO0>^H.JN<0«f' 

N©-OlftlA«J^K>WrOrtrtNfJWNNHHHHOOOaO'OHHW^lfl>ON(0^ 

NfyMgNMfyiNMCyiNMMNMNMNNNMNNNNHHNNMCyiMNNNMCyt 

N«fl®rtO-tK»f0^^|ftNNC©©©M#tN©^^tf>©aNC00‘«0©>CK>OON 

H^^«N«H©MAK)H©NiAK>H9‘N^HQ't(MA'0NO«0«O'rN0>0'N 

N-O^lfttfl-J^^KlMWWNNNNNHHrtHOOaO-O'OHHCyJ^tfl^NCOO' 

NNNNNMNNMNMMNNNNMNNNNNNHHHNNNNNNNMNN 

e«M«lA©©©eH^IAlAN0»»0<6H^NMOMO>HNoe>O)K)N«9><6 

H«O^NN|flO«Ntfl«Ha‘MftWHO‘MAWO‘tflONNWO(OiftO‘rt©NS<f 

N^©lft«A^'jnrtlOrt«NN<NJNWHHHHOOO©©OHHNrOlft^N<OC‘ 

NMMMMNMNMMMfyiNMMfyMyjNNNNNNNHHNNNNNNeiNNN 

»4l/MON©<ONeMlA«OM4©eHNH0MN(9©©<OIAOK)NNKtH^rt 

««rN©O<t©N-O«tWOaNiftM*gOC0'0K>HflD^HHinH©>rNOMlftlrt«t 

<©©lfl»ft^W»OK>K»MWNNWNNNrtHHHOOOOOHHWr<llft^N«0' 

NMNMNMNNNNNCgNNNNMNMNNNNNNNNNNNMNNNNN 

©^OlONWMftrOHO^^^KIHOCON^lflWftJOfrO'H^NHHinttOO© 

MMNMMNMMMMMfSMyiNMMMNNNNMNMNMNNNMNNNMNM 

hH©©<tnKlHO‘«©^CJO^N«(Alft<f^<t*tlAlMA<ON©©4©OK)K><yj 
WNNWNWNNWNWNNNNNNNNNWCyiNNAJNftlNNNNNNN  ©>l  t4 

©NHlAO«0'Mn^H©MDK)NHOOOOHNIO>f^iniAtfilA©ON<nntf) 

Iftlfllft^^WCgNWNCgHHHHrlHHHHHHHHHHHHHHHW^Ifl-ON 

MMMNMNNNNMNNCtiNMNMN<M(VJNNNNNMNNNNNNNMCyiM 

N©M^N«ON^KtNMK)lA0<tHH^N^NNMe©NtfllA<OlA^MNep 

^»^«)rj<4)OiOfsio«*©^CNiocor^^>ir»>y^^iftor^cocoa*c>a‘0‘K»K»i/j>©f^r^ 

tfilA«^K)KIMCy|NHHHHHOOOOOOOOOeOOOOOOH(yMO«nn<0 

NNNNNWWNWNNWWNNNNWNNNWNWNNNNNNftINNWNN 

<tH^O^NHi^^H©MArtH©<0NNNN«0<0^OHNN«Nh®©©© 

lftlfl^^«WWHHHHO©©00©©^©^©^a©OOOOOOHWK>^»A 


NMNNNMNNMMNMMNNNi 


INMNfyiNNNMNNM 


NO-f«WlA®©nO®«>NO«^.TNHOOOHW«JftjO^NCHCgW2'J5 


INMNNNNNNNNNNI 


I N N (M  N N N 


©0>©N<0lA't^NHO©©N©lA<t 

WNWNNNNMNNNHHHHHH 


KINO©©<tNO 


A-20 


■ 1 I * 


KFZ  UN  UNITS  OF  .001  KNSQ/SECI  FOR  JULY 


IWrt^N 

• >o  m m 

o o o o 


CO  CO  9 9 

in  in  m in 

o o o o 


omo^H 
>0  N N c 
o o o o o 


^Hineini 
«0  O'  O'  O O ( 

O O O H H i 


I^KtO^OOON 

i0N(Otnom<o<o 

< 


i <o  0 e n <f 
I ^ « 0 N 0 


*0*0  K O 4 

9 © . * i in  , 
•h  cm  cm  cm  cm  4 


i^M00MNO0 

ilftO«y0^H(JN 

len^Howo-H 


l««NN 


000O 

N N N 0 


HKmun 

«o»^N<r 

HHNNN 


Hin^nNi 
•6N0OHI 
w n eg  K>  M I 


HHH  I I I I H I 

III  I 

N0WNO^^WN 

HK)«0O«N00 

-tNOHHrt^aN 


i co  co  rv 


m « co  o 
NM«0 


(C  9 « <g  »J 
H h PJ  eg  eg 


W <HO  N i 

« 0 *>  H I 

Neg  jiiwi 


iHHfg  i 

l I I 

N 0 ( Si  O' 
h n 0 ^ 

•J  N O O 


O O H H 0 
OOO'^O 
H H H 0 0 


»0rt^n« 

i eg  eg  o o < 

• 00004 


I 9>  M 0 0 0 

i eg  0 0 0 N 
• o o o o o 


OK»|ftN»l 

O'  o h eg  w i 


I0OKIO 

0 0 0 0 


ooKOeg 


» 0N0 
I K>  M ^ 

• o o o o 


in  9 *n  cm 
9 9 9 9 
o o o o 


h 0 n a eg 

9 9 9 9 m 

o o o o o 


0NON0I 
ir<in0  0 0- 

0 0 0 0 0 4 


>00000 

lOOOrjKi 

iHHHoeg 


I r-4  O O O 
i eg  eg  eg  eg 
• o o o o 


O o o o 

eg  eg  eg  eg 

o o o o 


oegwiAS 

eg  eg  eg  eg  eg 

o o o o o 


co  o m m m ' 

N WlOfOMl 

0 0 0 0 0 4 


>^0<to 

I0OOO 

i eg  eg  eg  h 


OH00O 
O © O'  O'  N 


co  0 r*  n 

I CM  CM  CM  CM 

• O O O O 


K 0 CO  9 

CM  CM  CM  CM 


O'  o h cm  in 
cj  w k>  k>  n 
O O O o o 


9 i no  o k < 

fO  Kl  F*»  K» 
0 0 0 ^0) 


IONKIO 
> m «H  0 O' 
i i-g  i-c  o o 


O 0 eg  O o 
eg  0 H CM  M 
O H O O H 


IHONO' 
ICMHHrti 
0 0 0 0 4 


0 0NO  O 
iHHHHCg 

• o o o o o 


cgn^0  0i 

CM  CM  CM  CM  CM  I 


i O'  k cm  m - 

i 0 0 N 0 i 

• om«H< 


I H H Hi  N W 

• o o o o o 


k>  9 9 9 m i 

0 0 0 0 0 4 
0 0 0 0 0 4 


• O O CO  O CM 

• OOO0N 


I O'  r*  m * 
I o o o o 
>oooo 


m m cm  cm 
o o o o 
o o o o 


h cm  eg  M 0 


0in00Ki 

0 0 0 0 0 4 
0 0 0 0 0 4 


O K>  o O 
- CM  O'  o O 


o «o  o o in 

O 0 O l>  H 
HOHOCM 


i h o 0 n 
i h 0 m 
i in  <0  ro  cm 


00N0 

0 Ki  eg  rt 


H 0 N O Kl 

h cm  io  m <0 

CM  CM  CM  CM  CM 


N O M 0 O I 
N 0 O H W . 
CM  eg  K»  K»  K>  | 


I o o o o 

4 9-000 


O O O K CM 
o o o co  9 

HrtHKtO 


n*  h*  m cm  © 9 
m m 9 n m m 
cm  cm  9 9 9 in 


9 co  CO  O H CM 
*4  CO  CO  9 9 9 

in  in  * m cm  -4 


WON0H 
9 h eg  0 0 
O O (MO  N 


00fCON< 

N 9 H m 0 . 
0000M4 


• cm  m m o 

• o cm  <r  o 

• 000  H 


0 0 0 9 0 
o o o in  *4 
HHHinN 


CMCMCgCMCMCgCMCMCMCMCMl 

CMCMCMK»tno9KinCM04 

0n«g00o00eg004 

09egcMKuocgeMKMOK*. 


0 Kl  0 eg  N 
O in  9 9 CO 
0 w eg  eg  h 


eg  <f  N 9 h > 
w W*»MA  0 , 


i in  ca  cm  o 
NO0H 


O O 9 co  9 
00  0-0  0 
HH0Cg0 


HHCMCMCMCMCMCMCMCMCMI 


I CM  CM  CM  CM  CM  4 


HI«ICOCN9Mft«H 

0CJHN0000H0N 

00egcg0egegej0ri0 


00000 
9 9 co  m N 
0 0 eg  <m  h 


CM  M 9 CM 

HHHHHHHHOO0NO00HH00$ 


O O 9 O CM 

P P * + + 


H^CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

S0O0OCM000N0O0000 

eg0  0O0cgOH0  0N  9 0HS0 


ICMCMCMCMCMCMCMCMI 


0 0 N 0 H I 
9 9 9 9 0 4 

m m m m o < 


liPSSSS 

I o o H N 0 


O0HOO00000CM 
000tf)N00tfl0N0 
M 0 N N N N N ^ ^ N N 


H00N9 

O-N00H 

fs  s N N 


HN000I 
0 0 0 0 0 4 

NNN»*KI 


>00009 
IOO0OO 
I H H H 0 N 


w ON0NON000NH 

>-  00000000000 


0cgegjg<Ncgeg4gegSSHHHHHNHHH 


A-22 


921  -.552 


SlAlA*O'6<OOCNJ£lA'6**^r*.,0r'»^F«r*'0'OlA*lA*-4«O'?'?'TiftrMl/to 
0'MnH^ini/1^K(NO<0<I^NC««l)^Wvt>0<tlWNfg^HMHHOa'0 
l^mOnrO(yJNfJNNNNHHHHHeOOOOOOHN«|AN^)NHN^O 


i(S)^NHNK»NH^NOC0-0«»H^N^fJOMA‘tW^Mft«WOa<0K»HO 

isr<o^<OH4Ki>A^^noo«^H»MA»ootnoiANHO»(ono)(roHO 

i^KUOK'rO(JWWfJfJNWHrtHHOOOOOO«HCJ^^Na‘acr(J(OJftO 


O^NCOlflKINNNH 

OlOfJHHHHHHH 


0®‘rt«0‘K»KOW«Ort(OKI^HHHHig^K>^rtNO 

WfjK>wn^^iMMn^«6oifl^aNif^roH(^^HONo 


e<tClANK)^eNKtO^e<9(ON^O^I)N«HlA9‘(O0NNNO)NKI»Me 

o*-^i/>^r^^*-»r^oooa-pH<sjK>m^toa>orjK>rjocOK»vrin^>rvou^r^a'^40 

OKIWNHHHHHrtHOHHHHHHHWNM'I^.J^OvMCNNfjrtfO-OO 
O HHHNNMH  o 

OlftOiftON»0K>WK>WW^jfl^NNC0aOHa^>rfrNN>0O^Na‘OOl.‘>O 
* * “•^inNHinwrnH^O'^^o 


irjMHHHHHHHHHHHHHHNNfil 


H rH  H C\l  <\J  H O 

|.|HON^H«lA^»ONHUI^^NHtftlft^<^^COWNOlAOKiaO 

ION^ftJHO(OKN<OC^»^OOHH(JW>J<-tHK)«tl'-0(MOO 

ltO(gNN(JNHHHHHHHH(JMNNf0^lA«COOHK)0^<7»0»00 


OKlH0‘<0<0Otf»N<0^H<0HlAO^^KI(0WN^N>tO^Kiai/HftfJONK*O 

e<0<0^H^NNN<04^<0NN(0(0(0^^OO^r0(r^|0Ha)<0OOnNKtO 


«0f0WvtNHN^ONKlKl^^in^LA-0SNNOKl^(0'0-tf\JO^^>y«0>tO 

iHMNNOttNNN«<0«^«««<O««<O4)HU\aKINHlDO'(yi(A^tniAO 


Kh^)(0ON'fNH«J(0WHHOO(M0flN'0'0tH 

>cjta>yr,'»Hk0>j'^K»cjevjK»>»i0'0'0r^c00‘O<-»>Tr^ 

IIA^KtNNHHHHHHHHHHHHHHNNNN 


<oo  W-flaWinNHOOO 
crcjr^tHinoor^r^Kiroo 
OlOfO^^lftWNHHHO 


O«HONK»OlflOU>Oift^KlHOCN-0*tKlHNWN^)l/UftlMnO(0NONO 

OKt<6(OH«HOOOlAK>IANOHN^<6COONinON^H«H>OHOH»0<tO 

OO<0^tf>WWHHHHHHHHCa^(gWWKIM^IflN<0OHKI»rW«WK»NO 


O«0lflOK)^4>MOMANCDWO4tO4)H^Nc0lAl0O^^WHOlftK»iftW«0O 

ONN<OWr'0^)rOO<OM«J^Na-HfJ^LnN'DOrj.TO>OC'J(OfOinON^MO 

ON'JO-O'JWNWHHHHHHHWNCyJCJNWWNOW^HlftO^NO'O-JO 


HHNfJfOfJHH 


OHO^HOOW^OlO.fl^lAOMWHHOOON'OinOHWvtlftlAlAHWOO 

O^0PJUlH-0K)0'WN(0OOHWK)^in-0^N-0U)-J>JO(0O(JCrHH^(0O 


HHHNM^IA^rONH 


OOOOCOW'60HK>tflNHiftOK»^0«Jtf)fJi/l'ONMftN©lflWO^<JK>«fO 

ONK»HO^M»OHNMKlNHHOOO««MnKlHONMinNOOO<OCJO 

ee<Oe^HO<OkAKtHO(ON^lA'OrOHOO<OON^N<tH(OlANN^H<ie 


INNMMNHHHHHHHHH 


HHHHNKIK)^tAkM 


ONHWHNrtHONiflrOOW'OCOOOHWMOONlftO'f'O^NOOSHOO 

OlflW(OK>NW>flflNOHNM(MnHCO>fO^N«(iHinOHKUftNOO(OOWO 

OHCOW-6H<OI/IOrtWNOON<HftKIAIHOCO(OOOO^H^HOCOHNNO 


OWHIA«N^OONOO^)ON^NOW'OONMIO^(OOOHPJOOWI#IWO 

OONlft®-0'J»MMft'0'D«0O»0lftNOfW<0OOHNOH^«C0<M0>0'tWO 

eNON«<0C0<0<rNO««0>OOOOOOOOOO®NOCyi^<0OH«IA4)e 

ONN^Ift^rtrtrtrtrtWWWNWWWWWrttOrtNMWWWrtrtlftlArtftlHO 

O^O-JfiNlfl«OW<rMAl0HO^0KlHOMfl>#PJl0HO«NHf0O-C«O 

OhN«lA^MMK>MNN(yiNNM>OKi>OlOK>miAK)rOMKM^niO^^MNHO 

e^l^K1^OlAN0^HNN^^<6lA<t^Kt^N«t<ONO<OnOl/HMNtnNHO 

0®-OOW®N'JH«®WK)^ON®OHW«t®»OHO®NSN«OONOOWO 

eh«4)lA^K)K)rOMMN«i«iNMNKilO(OKt|OMrONNNMMNMfOMHHe 


• OOOOOOOOOOOOOOOO' 


OMANO  Nlft-t  5 WH 


OOCON®lA»JtOWHOO«N®lA^fAWO«^^W( 

lONMNNNNNNNNHHHHHHHHH 


A -23 


Ml  KN/SCC) 


OOOOOOOOOOO(M/\^HHl/)f09'«^HKHM0<CN^^N(JS4>t^O 

tfl«OW<0^W«^<0</^OfJ-0rtKINMON^4/l>?OON^ftOK)ift(0»fllftO 

lA4M«9K)Oi^NO(ONlA(ONHOOOOOOOOOOHrjKINHOOOO 


lOOOOOONONWNNH.taH(0HOO©WOH(0««tft^N^O 
(0<0^N<©U)<0IAH^)O<t«)ir)^4)H«0N0>r4lA(0^(0C0<0C0N«^(\JC0K)NO 
mc0U»K>H<0«JKH\JO^Nlf|^K1tVWHHHCJWWNNC>iNNWCJWNHHOO 


NWNWHHHHH 


OlAOtAOOOOOONNN0«©©KI^KIlA©NN©lA^>OlA<O»©©©U><C 

rt|ftN«jN©«©M®H^©Klo«^rtOHinHNW©aoa®©Hiru.HOO 

^ONNN©^K)NO^Mn^|OHOOOOOHH(J(JNrONMN^niO(OfylO 


O^OlflOWOOOvf^Wl©fi<t^fi<fSO>rjNW©(>(MOlft®OCMA©HO 

©©^N>TOOOON©f0oaoKlN(JOOK'0'^O>C©^NrtO^»0fgNfJO 

HH©©0©K|KIO©©IA<7<\(NHOOOOOOHNN(JUHHHHHHOOO 


KInhhhhhhh 


OOOOOlAOOOH©-t>trtfi©NO©KlNKI©N«OOvfH©(M^W^a©0 

K)©^CMA©HHOa^(JO©H©®0‘OW©OKlNaKINH-jC‘NlftlA©©0 

(\J«ta©^N^NONJ1-J(U*HHOOOHHHCJCJW(>JfJOHfJCjrOtOn(jHO 


KUgHHHHHHH 


OlAOOeOON'|NO»»©(MMANOlAN©N^KI©HNrtNe^©l. 

N©N'ffiH®0'MO-N^®wN«JK)K)©®N^)>fOKIH«i)WriaN©0000 

H©NO®lflO©Mfl>jMfyJNHHHHHHHHHHOHOHrOf<1WMK»CgHO 


WWNNHHH 


O©O©OOl0NtA©H©«inHOKMMMAHN©^S©^H^OOOOHIflO 

©^»©^0N©tf)^KIK)(iMg(y(HHHHH0000HH0n©Hiri^M©^0 


000rt^Kl00NH©ftJftJ©NO®(hH©Mn»«Jffl®OO0O0000^0 

<OHON»t'©OCONCOCO<ONlfl'tWCiWlOtVJO<0>ON^M^inOCJ<OW'>a'NO 


H H ©\J  CM  CM  <\J  H 


®©KI>tNNlAOKtK)SO^OHl0N©O©©Ol0<}©©©OOOOOOOOO 

NUIHO^H®«taKt©O©O®®0‘®N^HeN©HH©©W0'®OlAM«O 

^^^NONNNHHOOQHHHHHHHHOOONI/UMANN^nOlAtOO 


•Hf\jcjr^K»ro<sjpH< 


ON^  WN 
*0  It)  & If)  *c  • 


‘ <>  N © Kl  H (►  H I 
© H IO  © N ^ ^ ( 
«r  WOHOOl 


> O O O CO  o 
I a H K»  o 

©©©(hO 


ooeiAo* 

NOO©©- 

© N © © © I 


N © © © O H O I 
i H # N (h  © © >f  i 

i n © ^ © m w w i 


>00000 
© © © © o 

©0©N0 


©©WHO 

till 


e©OOOi 
9>  N O © O I 
©ON©>J' 


1 Ch  © O «J  W © (h  • 

I CM  'J'  'f  N H >£>  I 

1 (h  n © © <r  n 1 


>00000 

» r*  tsi  »r  <0  o 
©)  <©>  ro  r^>  o 


© © W W N . 
I I I I I 


0 0 0 0 0 4 
H <h  O (h  (h  I 
^H©HO>l 


> © © © v©  <r  *0  #m  < 

I H H © f'  ^ © © I 

© © h O'  eo  © 1 


o w <t  o o 
© © N <h  o 
WWHOO 


* © © <M  4 

111(4 


o o O'  N © < 
H © © N W I 


O O N O O © O 

i©o©©o©<r 

W H O'  N © ^ © 


©©N0'OOCVJ©©©0'©NWN0'«0©W©O 

©ON<y©H0'®N'fO©©©©©HH«t©O 

WWHHHHOOOOOOOOOHWWHOO 


© «J  © W N 1 
I I I I I 


o 1/1  o O o < 

© O-  © O N I 

© © H H O I 


I © © O © © © H 
© W © © H CO 
©WHOOOH 


N^©©W©N©©©©0«WH©N0WNO 

©0000-0©0©©©©©©NHW©©©0 

HNCJHHCJfJN©0©©©HOW©©WH0 


N © O © N • 
I I I I I 


OIAOIAOI 
40  H <0  O O'  - 
©©0>©©l 


H©©©©OO©©000©©O©N©>t©H©©OHOWl 

IH©WOH©H0©«H®aHW0W«©0‘©<tO®©©©i 

)©©NHOOHHHHMN©<l©©«(0NO<N4HN(yJNHOl 


0©0©N> 
I I I I I 


»O«t©O©©O©O©©«f0©©N0O0'©H©HHH©O( 

l®O©ON©WN'fH©©H©©O©HN0HWtJN®«?N( 

!H<h©©©^0©©©NWNHHHHWHOOOOHHHO( 


O © © © W I 
I I I I I 


oiaoiaoiaooooooooooo4 


•0000000000 


lN©MON©"t©( 

)©©©©©©©©l 


IOO'®N©©'f©NHOO©N©©0©NO«©OW4 

l©<yiWNNCSJNNNN4<IHHHHHHHHH 


A-25 


■ 


